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NATURAL  AND^EXPERIMENTAL 

PHILO'SOPHY, 


INTEODUCTION, 

1.  The  general  laws  of  nature  are  didsible  into  the  four 
classes  of,  I.  Phtsics,  often  called  Natural  Philosophy; 
n.   Chemistrt;    in.   LiFEy  commonlj  called  Physiology; 

and,  rV.  Mind. 

2.  The  lawg  of  Pmsics  govern  every  pbenomenoii  of  nature  in  which 
thoe  is  any  tensible  change  of  place. 

3.  The  great  physical  truths  me  reduced  to  four,  and  are  referred  to 
by  the  tenns  Atom,  Attraeiwtih  Repuinon,  and  Lueriitu 

4i  Solid  hodaesi  existing  in  conformity  with  these  truths,  exhibit  all 
the  phenomena  of  Mechanics ;  Liquida  exhibit  those  of  Hydrostatics 
snd  Hydraulics ;  Ain  those  of  Pneumatics ;  and  Imponde^tibht  those  of 
Heat,  ligbt,  Electxidty,  and  Magnetism, 


MECHANICS. 

laws  op  mattkb  and  motion* 

5.  Mechanics,  in  its  most  comprehensive  sense,  treats  of 
the  laws  of  rest  and  motion  immaterial  bodies.  Statics  treats 
of  the  equilibrium  of  solid  bodies,  and  DynamicB  treats  of  the 
motion  of  solid  bodies.  Hydrostatics  treats  of  the  equilibrium 
of  fluid  bodies,  and  Hydrodynamics  {Hydraulics)  treats  of 
the  motion  of  fluid  bodies. 
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12  NATURAL  AND  BZPEBIMSNTAL  PHIL080PHT. 

6.  Matter  is  known  to  us  by  its  properties,  which  affiyst 
our  senses.  The  mass  of  a  body  is  the  quantity  of  matter 
which  it  contains.  The  density  of  a  body  is  the  comparative 
quantity  of  matter  contained  in  a  given  size  or  volume. 

7.  MoTy>N.  A  body  is  in  mation  when  it  is  in  the  act  of 
changing  its  place. 

When  a  body  pessGB  over  equal  spaces  in  equal  successiTe  portions 
of  time,  its  motion  is  said  to  be  unijbrm.  When  the  sooceBstve  spac^ 
described  in  equal  times  continually  increase,  the  motion  is  said  to  be 
aeeelerated;  and  when  those  spaces  oontinuaUy  decrease,  the  motion  is 
said  to  be  retarded.  Motion  is  vnijormly  accelerated  or  retarded  when 
the  increase  or  decrease  of  the  spaces  passed  orer  in  equal  successive  por- 
tions of  time  is  always  equal. 

8.  Velocitt.  The  velocity  of  a  body  is  measured  by  the 
space  uniformly  passed  over  in  a  given  time. 

When  the  motion  of  a  body  is  accelerated  or  retarded,  the  velocity  is 
not  measured  by  the  space  actually  passed  over  in  a  given  time,  but  by 
the  space  which  would  have  been  passed  over  in  the  given  time  if  the 
motion  had  continued  uniform  from  that  point. 

9.  Momentum.  The  momentum  of  a  body  is  its  quantity 
of  motion,  and  is  measured  by  the  weight  of  the  body  multiplied 
by  its  velocity. 

'Ehe  quantity  of  motion,  or  momentom«  of  a  small  body  .may  be  as 
great  as  that  of  a  large  body ;  for  example,  if  the  velocity  of  a  musket 
ball  be  100  times  the  velocity  of  a  heavy  hammer,  which  is  100  times 
the  weight  of  the  ball,  then  Uieir  momenta,  or  quantities  of  motion,  will 
be  the  same.  The  deficiency  of  weight  in  the  ball  is  made  up  by  its 
excess  of  velocity. 

When  a  person  running  stxikes  against  an  obstacle,  he  suffers  a  mWimtm 
corresponding  to  his  weight  and  the  speed  at  which  he  is  moving. 

If  two  bodies  moving  in  the  same  direction  come  into  collision  with 
each  other,  tlie  force  of  collision  is  measured  by  the  difference  of  their 
momenta ;  but  if  they  are  moving  in  opposite  directiuns,  the  force  of 
collision  is  much  greater,  for  it  is  equal  to  the  eum  of  their  momenta. 
Hence  it  is  that  the  collision  of  railway  trains,  when  moving  in  opposite 
directions,  is  much  more  terrific  than  when  they  are  moving  in  the  same 
direction. 

10.  Force  is  that  which  produces,  or  tends  to  produce, 
motion  in  a  body ;  or  it  is  that  which  changes  the  uniform 


•  <• 


PROPERTIES   OF   MATTER.  13 

and  rectilinear  motion  of  a  body.    Thus  pressure,  impulse, 
grav]^,  Scc^  are  called /orcei. 

When  a  force  acts  only  for  an  instant,  it  is  called  imputaive ;  and  when 
it  acts  without  intennission,  it  is  called  a  amaiant  force.  Constant  forces 
may  be  either  wUform  or  variable*  A  ferce  is  uniform  when  it  always 
produces  equal  effects  in  equal  successlTe  portions  of  time ;  and  it  is 
variable  when  the  effects  produced  in  equal  portions  of  time  arc  tinequoL 

11.  Matter  is  either  ponderable  or  imponderable.  Pon- 
derahU  bodies  have  an  appreciable  weight;  imponderahle 
bodies  comprise  those  subtile  fluids  which  have  no  appreciable 
weight,  such  as  lights  heat,  magnetism,  and  electricity* 

12.  Forces  are  known  to  us  only  by  the  effects  which  they 
produce. 

In  order  to  estimate  the  magnitude  of  forces,  we  must  compare  the 
effects  which  they  produce  under  the  same  circumstances.  A  force  may 
be  estimated  by  the  pressure  which  it  produces  upon  some  obstacle ;  or 
it  may  be  estimated  by  the  motion  which  it  produces  in  a  body  in  a 
giTen  time.  In  the  former  case  the  measure  of  the  fivce  is  said  to  be 
etatical,  and  in  the  latter  case  difnamieaL 


PROPERTIES   OF  MATTER. 

13.  The  properties  of  matter  are  usually  divided  into 
primartfy  or  essentialy  and  secondary,  or  non-essential. 

The  former  are  those  without  which  we  cannot  conceive  matter  to 
exist ;  the  latter  are  those  which,  depending  upon  the  particular  laws 
impressed  upon  diffoent  substances,  do  not  necessarily  enter  into  our 
abstract  conceptions  of  matter ;  thus,  for  example,  had  it  pleased  the 
Creator,  the  law  of  gravitation  might  have  been  diiSBerent  from  what  it  is ; 
or,  in  the  place  of  the  law  of  perfect  elasticity,  observed  in  some  bodies, 
•U  the  forms  of  matter  might  have  been  practically  incompressible. 
It  is  obvious,  therefore,  that  the  secondary  properties  of  matter  could  not 
have  become  known  to  us  anterior  to  observation  and  experiment.  The 
rdative  adaptation  of  these  secondary  properties  of  matter  to  the  condi* 
tions  and  constitution  of  the  univene,  affords  the  most  striking  evidence 
of  the  existence  and  attributes  of  a  great  and  intelligent  cause. 

14.  The  primary  properties  of  matter  are  Bxtension  and 
ImpenHrahility.    The  most  important  secondary  properties, 
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14  NATURAL   AND    EXPEKIMENTAL    rillLO SOPHY. 

considered  in  relation  to  mechanical  science,  are  Conipressi- 
bility.  Expansibility ,  Di visibility y  Cohesion^  Elasticity,  Mobility^ 
Inertia,,  and  Gravity, 

15.  Extension  is  that  property  whereby  every  body 
must  occupy  a  certain  limited  space.  We  necessarily  conceive 
every  body  lo  have  length,  breadth,  and  thickness. 

16.  Impenetrability  is  that  jM-operty  whereby  no  two 
substances  can  occupy  the  same  space  at  the  same  instant  of 
time. 

17.  Compressibility  and  Expansibility  are  those  prop- 
erties by  virtue  of  which  bodies  may  be  made  to  occupy  a 
smaller  or  larger  space. 

The  suscqjtibility  to  compreesioii  shows  that  all  bodies  must  contain 
pores,  or  spaces  between  the  ultimate  particles  or  atoms  of  which  they 
are  composed,  and  that  there  is  no  substance  in  nature  which  is  absolutely 
solid. 

In  consequence  of  these  properties,  bodies  differ  very  much  in  density. 
When  bodies  have  the  same  size,  or  volume,  their  densities  are  measured 
by  their  weights.  Thus  a  cubic  foot  of  copper  weighs  nine  times  as 
much  as  a  cubic  foot  of  water ;  hence  copper  possesses  nine  times  the 
density,  or  specific  gravity,  of  water. 

18.  Divisibility.  There  is  no  limit  to  the  mathematicnl 
conception  of  the  divisibility  of  space ;  but  the  doctrine  of 
the  atomic  theory  seems  to  indiciite  that  there  is  a  practical 
limit  to  the  divisibility  of  matter. 

In  going  on  with  our  division,  we  must  finally  anive  at  a  certain 
ultimate  particle,  at  atom  of  matter,  which,  firom  its  constitution,  no 
longer  admits  of  separation  into  parts.  Nature  presents  us  with  various 
marvellously  minute  divisions  of  the  particles  of  matter. 

19.  Cohesion,  or  the  attraction  of  cohesion,  is  that  prop- 
erty of  bodies  whereby  the  atoms  composing  them  are  united 
in  a  mass. 

This  force  of  attraction  between  the  particles  of  matter  only  takes 
place  at  immeasm-ably  minute  distances.  Bodies  are  solid,  liquid,  or 
aeriform,  according  as  the  cohesion  of  their  particles  is  modified  by  heat. 
l*he  xMuticles  of  gases  and  vapors  repel  one  another,  in  consequence  of 
the  repulsive  force  of  heat  being  greater  than  the  force  of  cohesion ;  in 
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Bolids,  the  fbfoe  of  oohcaon  preponderates  over  that  of  repulsion ;  snd 
in  liquids  tlie  forces  of  cohesion  and  repulsion  are  presumed  to  be  equaL 

20.  Elasticity  is  that  property  of  bodies  by  which,  when 
their  form  is  altered  by  the  action  of  an  external  force,  they 
regain  their  original  form  as  soon  as  the  external  force  is 
withdrawn. 

All  bodies  possess  this  ptrupcrty  in  a  greater  or  less  d^ree. 

Most  substances  haye  a  limit  to  their  elasticity :  thus,  if  a  straight 
elastic  bar  is  bent  by  a  pressure  applied  to  it,  and  if  this  pressure  does 
not  esceed  a  certain  quantity,  the  bar  wiU  reaome  its  original  form  when 
this  preesure  is  remored ;  .but»  on  the  contrary,  if  the  pressure  exc^%ds  a 
certain  quantity,  called  the  limit  of  the  body's  elasticity,  the  cohesion 
of  the  material  is  injured  or  destroyed ;  and  then,  in  this  case,  the  bar 
vill  not  zetuzn  to  its  original  form  upon  the  cessation  of  the  pressure. 
Bodies  which  have  no  elastic  limit  may  be  called  perfectly  elastic,  such 
as  gases  and  vapors. 

Liquids  scarcely  admit  of  compression ;  and  hence  they  axe  called 
nen'tiattie  Jiuids,  whereas  gases  and  vapors  are  called  elastic  flukU, 
Some  aeriform  bodies,  such  as  carbonic  add  gas,  have  been  brought  to 
the  Uquid  state  by  being  subjected  to  a  hig^  preamie  and  cold ;  these  are 
called  eondemabh  ffcuea ;  whereas  some  gaseous  bodies,  such  as  oxygen 
and  nitrogen,  composing  the  atmosphere^  resist  condensation,  whatever 
may  be  the  pressure  and  cold  to  which  they  are  subjected.  These  gases 
are  called  permanently  elattic.  Beams  employed  in  construction  are 
sometimes  considered  perfectly  elastic,  when  their  resistance  to  compression, 
within  their  limits  of  elasticity,  is  equal  to  their  resistance  to  extension. 

21.  Mobility,  or  susceptibility  to  motion,  is  that  property 
whereby  a  body  admits  of  change  of  place. 

Motion  may  be  abaohtte  or  nkOive :  thus  a  man  in  a  railway  carriage 
may  be  in  motion  relatively  to  the  other  objects  in  the  carriage,  while  at 
the  same  time  he  partakes  of  the  absolute  motion  of  the  train.  In  esti- 
mating motion,  there  are  three  things  to  be  considered ;  viz.,  t^  velocUy 
or  quickness  of  the  motion,  the  space  passed  over,  and  the  time  in  which 
that  space  is  passed  over.  The  motion  of  a  body  is  uniform  when  it 
p&%es  over  equal  space  in  equal  successive  intervals  of  time ;  in  this  case, 
the  teloeiiy  of  the  motion  is  the  du^tance  in  feet  passed  over  in  one 
second  of  time ;  the  space  is  the  whole  distance  in  fleet  moved  over ;  and 
the  time  the  niimber  of  seconds  in  which  the  space  is  described.  In 
uniiotm  motion,  therefore,  we  have 

The  spaces:  the  velocity  X  the  time. 
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Here  there  are  three  general  qiiantitieB,  any  two  of  wluch  being  giyen, 
the  remaining  one  may  be  found. 


Ex.  1.  If  a  railway  train  moves  over  44  feet  in  a  second,  what  space 
will  it  move  over  in  an  hour  ? 

Space  moved  over  in  1  sec.  s=:44  ft. 
••         •<  "     3600  sec  or  1  h.  sr  8600  X  44  ft »  168,400  ft 

Ks  80  miles.    Ans. 

Ex.  2.    If  a  railway  train  moves  over  20  miles  in  an  hour,  what  will 
be  its  velocity  per  second  ? 
Space  moved  over  in  3600  sec.  or  1  h.s=  20  X  d280  ft 

^  .    ,  20  X  5280       „«,  ^      ^ 

Or,mlsec.  =  — ^^^—=291  it    Ans. 

Ex.  3.    If  the  velocity  of  a  body  be  20  feet  per  second,  in  what  time 

will  it  move  over  a  mile  ? 

5280  ft      „^^  .o     .        . 

■  ^M       =s  264  sec.  =  4^  mm.    Ans. 

22.  Inertia.  By  this  property  is  meant  that  matter  has 
no  power  in  itself  to  change  its  present  state,  and  that  any 
alteration  in  its  state,  whether  of  rest  or  motion,  must  be  pro- 
duced by  the  action  of  some  external  force. 

If  a  body  is  broken,  some  force  must  have  produced  the  rupture.  If 
a  body  is  melted,  heat  must  have  produced  the  change.  If  a  body 
changes  its  state  from  rest  to  motion,  some  force  must  have  communi- 
cated the  motion.  If  it  passes  from  a  state  of  motion  to  that  of  rest, 
some  force  must  have  been  exerted  to  destroy  the  motion.  The  laws  of 
motion  will  be  hereafter  more  fully  considered. 

Experiment.  Place  a  penny  on  a  piece  of  card  paper,  and  balance  it 
upon  the  tip  of  one  of  the  fingers  of  the  left  hand,  as  shown  in  Fig.  1 ; 


Fig.  1. 
give  the  cazd  a  smart  blow  with  one  of  the  fingen  of  the  right  hand ; 
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the  card  will  be  projected  forward,  but  the  penny,  from  ita  inertia,  will 
remain  on  the  finger. 

When  a  carriage  suddenly  stops,  the  person  in  it  is  liable  to  be  thrown 
forward,  from  the  inertia  of  his  body ;   that  is,  in  this  Vase,  fiom  the 
■tendency  which  his  body  has  to  continue  in  motion. 

A  body  in  motion  also  tends  to  move  forward  in  a  straight  line; 
hence  the  effort  we  have  to  make  when  wc  run  round  a  comer.  When 
a  stone  is  whirled  round  in  a  sling,  it. flies  off  in  a  direct  course  the 
moment  it  Is  allowed  to  escape.  It  is  well  known  that  a  hare,  acting  by 
instinct  on  this  law  of  inertia,  sometimes  makes  its  escape  from  the 
greyhound  by  taking  a  great  many  sudden 
turns,  which  the  dog,  from  its  greater  bulk 
and  inertia,  does  not  so  readily  take.  Thus, 
in  nmning  to  the  cover  C,  (sec  !Fig.  2,)  the 
hare  takes  the  course  A  B  D  E  C,  while  the 
dog  is  compelled  to  take  the  longer  course, 
AbdoC, 

When  the  equestrian,  standing  on  the  sad- 
dle, leapB  over  a  cord  extended  over  the  — 
hone  at  right  angles  to  his  motion,  the  horse  ^im^^         ""  "^  V 

passes  under  the  cord  while  the  rider  leaps 
over  it,  and  lights  on  the  saddle  at  the  oppo-  .        A 

rite  side-    Here  the  equestrian  has  merely  to  ^'    ' 

k^  upwards,  not  forwards,  as  he  would  have  to  do  if  he  were  not  in 
motion  ;  for  while  in  the  act  of  leaping  he  retains  th^  motion  which  he 
had  before  he  made  the  leap,  so  that/ when  he  arrives  at  the  Gpp06ite.Bide 
of  the  cord,  his  progressive  motion  being  the  same  as  that  of  the  horse, 
he  lights  exactly  on  the  saddle. 

23.  Gravity  is  that  property  by  which  all  terrestrial 
bodies  tend  towards  the  centre  of  the  earth.  When  a  body 
is  supported,  this  tendency  produces  pressure  and  weight. 

The  pressure  produced  by  gravity  is  always  exerted  in  a  direction  per- 
pendicular to  the  horizon,  and  is  measured  by  the  weight  of  the  body. 
The  unit  of  weight  in  mechanical  calculations  is  a  pomid ;  and  hence 
the  forces  of  pressure  are  usually  expressed  in  units  of  pounds. 

It  has  been  found  by  experiment  (allowance  being  made  for  the  resist- 
ance of  the  air)  that  bodies  of  every  size,  shape,  and  weight  fall  to  the 
earth  exactly  in  the  same  manner.  Thus,  were  it  not  for  the  resistance 
of  the  air,  a  feather  and  a  guinea  would  fiill  from  the  top  of  af  tower  in 
the  same  time,  and  they  would  strike  the  ground  with  the  same 
v^lodt^'. 

2* 
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Experiment,  Take  a  small  piece  of  thin  paper  and  a  coin,  and  let 
them  fall  the  same  instant  from  equal  heights  above  the  gromid ;  then 
the  coin  will  arrive  at  the  ground  much  sooner  than  the  paper.  Here 
the  air  presents  a  greater  proportional  resistance  to  the  motion  of  the 
light  body  than  it  does  to  the  heavy  one ;  but,  in  order  that  the  resist- 
ance of  the  air  may  be  the  same  in  both  bodies,  place  the  paper  on  the 
coin,  and  then  let  them  fall  together ;  they  both  arrive  at  the  ground  at 
the  same  instant. 

Thus  it  appears  that  the  pressure  produced  by  the  earth's  attraction 
upon  bodies  is  a  very  different  thing  from  the  motion  which  it  generates. 
In  the  foimerlb&se,  the  pressure  produced  is  proportional  to  the  quantity 
of  matter ;  whereas,  in  the  latter  case,  the  motion  generated  in  a  given 
time  is  the  same  for  all  bodies,  w^hatever  may  be  their  size,  weight,  or 
density.  This  admits  of  a  satisfactory  .explanation :  the  earth  attracts 
every  particle  of  which  a  body  is  composed,  and  hence  the  weight  of  a 
body  depends  H^n  the  matter  which  it  contains.  On  the  other  hand, 
all  the  particles  of  a  body  separated  from  one  another  would  evidently 
fall  through  the  same  spaces  in  the  same  time ;  but  it  appears  from  ex- 
periment, that  when  the  particles  are  collected  in  one  mass,  they  &11 
exactly  in  the  same  manner  as  they  would  if  they  were  separated  from 
one  another. 

24.  Gravitj  is  said  to  take  place  in  consequence  of  the 
attraction  exerted  by  the  earth  upon  the  body.  The  gen- 
eral name  given  to  this  force  is  that  of  attraction  of  grav- 
itation. 

This  force  is  not  confined  to  bodies  upon  the  earth's  surface ;  the 
moon  is  maintained  in  her  orbit  by  the  attraction  of  the  earth,  and  all 
the  planetary  bodies  in  the  solar  system"  are  subject  to  the  attraction  of 
the  sun. 

The  attractive  force  exerted  by  bodies  on  each  other  is 
reciprocal,  and  in  proportion  to  their  masses. 

Thus,  if  the  body  A  attracts  the  body  B,  then  B  will  attract  A,  and 
the  farces  which  they  exert  on  each  other  will  be  proportional  to  their 
respective  masses. 

Again,  the  force  of  attraction  varies  inversely  as  the  square 
of  the  distance. 

Thus  at  double  the  distance  the  force  will  be  one  fourth,  at  treble 
one  ninth,  and  so  on. 

These  two  laws  are  expressed  by  saying  that  the  force  of 
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gravitation  varies  directly  as  the  mass,  and  iiiversely  as  the 
square  of  the  distance. 

Bodies  are  attracted  by  the  earth  an  if  the  w^ole  of  its  mass  were  col- 
lected in  its  centre ;  hence  tlie  force  of  gravity  at  anyplace  depends  upon 
the  distance  of  the  place  from  the  centre  of  the  earth.  Now,  since  the 
equatorial  diameter  of  the  earth  is  greater  than  the  polar  diameter,  it 
foUows  that  the  force  of  gravity  at  places  near  the  equator  is  not  so 
great  as  it  is  at  places  near  the  poles ;  thus  it  is  found  that  a  body  which 
produces  by  its  gravity  a  certain  pressure  at  Boston,  would  not  produce 
this  amount  of  pressure  if  taken  to  the  equator ;  and  it^fgke  manner  a 
pendulum  which  beats  seconds  at  Boston  would  take  a  longer  time  to 
ocnnplete  a  vibration  at  the  equator. 

In  consequence  of  the  constant  action  of  the  force  of  gravity,  the 
,  motion  of  a  falling  body  becomes  quicker  and  quicker  as  it  descends. 
In  one  second  a  body  will  fall  through  IB-j^  feet ;  but  the  velocity  ac- 
quired in  one  second  is  32  J  feet,  in  two  seconds  it  is  twice  32^,  in  three 
seconds  it  is  three  times  32|^,  and  so  on.  That  is,  the  velocity  aoquired 
by  a  faUiiVf  body  inereaees  with  the  time ;  at,  in  other  words,  the  ve- 
rity acquired  by  a  falling  body  in  feet  is  equal  to  the  product  of 
32^  feet  by  the  number  of  seconds  of  its  fall. 

Experiment.     If  a  body  takes  three  seconds  in  falling  from  the  top 
of  a  tower,  with  what  velocity  will  the  body  strike  the  ground  i 

Velocity=3X  32^  ft  =  96^11, 

This  law  of  acquired  velocity  arises  from,  the  fiict  that  gravity  is  a 
uniformly  aceeleratinff  force,  communicating  equal  increments  of  velocity 
in  equal  times,  and  that  each  successive  increment  of  velocity  is  unaf- 
fected by  the  modon  previously  acquired.  At  places  towards  the  equa- 
tor the  accelerating  fdrce  of  gravity  is  less  than  it  is  in  our  latitude,  and 
at  places  near  the  poles  it  is  greatet.  The  laws  of  descending  bodies 
will  hereafter  be  more  fidly  considered. 

25.  Cextre  of  GnAViTv.  The  centre  of  gravity  of  a 
body  is  that  point  in  it  where  all  the  matter  composing  it  may 
be  supposed  to  be  collected.  Tlie  centre  of  gravity  of  any 
regular  body  lies  in  its  centre  of  magnitude. 

Balance  a  rod  or  a  stick,  or  any  other  body,  upon  the  finger ;  that 
point  ujxm  which  the  hotly  is  balanced  is  the  centre  of  gravity.  If  the 
centre  of  gravity  of  a  body  be  supported,  the  body  will  remain  at  rest ; 
and  in  all  other  poations  the  centre  of  gravity  descends  to  the  lowest 
place  to  which  it  can  get. 

A  vertical  line  drawn  through  the  centre  of  gravity  of  a  body  is  eaBed 
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the  ime  of  directioti.    If  the  line  of  direction  fall  within  the  base^  the 
body  will  stand;  if  not,  it  will  fall.    Thus, 


Fig.  3. 


Fig-i- 


^  P 

Fig.  6.  Fig.  6. 

let  O  Q,  ftc,  be  the  centres  of  gravity  of  four  bodies  standing  on  their 
horizontal  bases,  and  G  P,  Q  P,  &c.,  the  lines  of  direction ;  then  the 
bodies  represented  in  Figs.  3  and  4  will  stand,  because  the  lines  of  direc- 
tion fall  within  their  bases.  The  body  rqiresented  in  Fig.  6  "will  be  upon 
the  point  of  fidling,  because  the  line  of  direc- 
tion just  falls  at  the  edge  of  its  base ;  and  the 
body  represented  in  Fig.  6  vnB.  fall,  because 
the  line  of  direction  foils  without  its  base. 

AMien  a  man  carries  a  load  upon  his  back, 
he  leans  forward,  to  bring  the  centre  of  gravi- 
ty of  his  body  and  the  load  which  he  carries 
^.ithin   the  base  fonncd  by  his  feet.     If  he 
were  not  to  do  so,  the  load  would  be  liable 
to  draw  him  over  backward.     For  the 
same  reason,  when  a  man  walks  up  a  hill 
he  leans  forward,  and  when  he  descends 
he  leans  backward. 

A  cylinder  may  be  made  to  roll  up  an 
inclined  plane.  Fix  a  piece  of  lead,  «,  in 
one  ade  of  the  cylinder  z ;  then  it  ^i^ill 
roll  up  the  inclined  plane  to  the  position  Fig.  8. 


Fig.  7. 


Fig.  9. 

z*  y,  because  the  centre  of  gravity  of  the  mass  will  endeavor  to  descend  to 
its  lowest  point. 
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If  a  body  be  snpported  by  a  point  lying  above 
its  coitre  of  gravity,  the  body  is  said  to  be  sos- 
pended*  and  if  it  be  free  to  more,  it  will  not  xest 
imtil  its  centre  of  gisvity  has  attained  the  low- 
est possible  positian.  Thus»  for  example,  if  the 
ball  K  be  sisqiendod  by  the  thread  «  a,  it  will  not 
xest  until  its  centre  of  gravity, «,  attains  the  lowest 
possible  position,  that  is,  in  this  case,  when  the 
thread  hangs  vertically. 

Fig.  11  shows  how  two  forks  may  be  suspended 
on  the  point  of  a  needle.  Stick  two  forits,  A  and 
B,  into  a  cork,  C;  then  stick  a  eewing  needle,  with  its  point  outwards, 
into  the  cork,  and  poise  the  whole  on  the  top  of  a  wine  glass,  or  on  the 
head  of  a  pin  stuck  into  another  cork.  Here  the 
BtafaOity  of  the  system  depends  upon  the  fact,  that 
the  centre  of  gravity  is  bdow  the  ptnnt  of  support. 

In  like  manner  a  fork  may  be  suspended  over  the 
edge  of  the  table  on  the  pdnt  of  a  needle,  as  shown 
in  Fig.  12.  Here  the  point  of  suspension,  P,  lies  in 
the  votical  Hne,  P  C,  passing  through  the  centre  of 
gravity,  C,  of  the  fork. 

To  find  the  centre  of  gravity  of  any  plane  sur- 
foce,  suspend  it  firedy  by  any  point,  and  draw  the 
fine  of  direction  through  that  point  of  suspension ; 
suspend  the  surface  by  another  point,  and  in  like  manner  draw  the  line 
of  direction  through  it ;  then  the  intenection  of  these  two  lines  will 
give  the  centre  of  gravity  of  the  amfsce. 

Of  all  forms  of  structure,  having  the  same  height  and 
base,  the  pyramidal  form  is  the  strongest.  The  pyra- 
mid represented  in  fig.  13,  which  stands  on  a  broad 
base,  is  more  stable  than  that  represented  in  Fig.  li» 
which  has  a  narrow  base ;  because  the  centre  of  gravity, 
G,  must  be  raised  through  a  greater  space  in  the  former 
ca%  than  in  the  latter  case,  before  they  can  be  over- 
turned. 

The  body,  ABC,  (Fig.  lo,)  has  a  position  of  tUMe  ' 

tqnUibriumt  because  its  centre  of  gravity,  C,  has  attained  ^^*  ^*' 
its  lowest  prmblc  position  ;  whereas  the  body  represented  in  Hg.  16  has 
a  position  of  tauinble  equilibritim,  because  its  centre  of  gravity,  C,  has 
not  attained  its  lowi«t  possible  position ;  the  slightest  force  will  cause  its 
centre  of  gravity  to  descend,  ond  to  occupy  the  position  represented  in 
Fig,  15. 

A  cart  loaded  i^'ith  stone  nuiy^nss  safely  along  a  road  of  which  one 
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dde  u  higher  than  the  other ;  bat  if  the  same  cart  were  loaded  with  hay, 
it  would  be  orerturzied ;  lor,  though  the  austaining  base  be  the  same  in 


Fiff.  13. 

both  cases,  the  Hne  of  direcHon  &lls  much  within  it  from  the  low  centre 
of  gravity  of  the  stone,  but  very  near  the  wheel,  or  altogether  on  the 
outside,  from  the  high  centre  of  the  hay. 

The  feet  of  our  common  chairs,  and  of  tripods,  are  generally  expanded 
bdow  to  give  a  broad  base.  The  high  chair,  to  accommodate  the  little 
child  at  the  dining  table,  is  very  dangerous  if  the  feet  do  not  spread 
much. 

The  famous  leaning  tower  of  Pisa  is  believed  to  have  been  purposdy 
80  built.  Its  height  is  130  feet ;  and  though  its  top  overhangs  the  base 
16  feet,  the  line  of  direction  falls  within  the  base. 

The  upright  form  of  man  stands  firmly  on  a  very  narrow  base,  which 
is  the  space  occupied  by  his  feet.  The  advantage  of  turning  out  the  toes 
is,  that  without  taking  much  from  the  length  of  the  base,  it  adds  to  its 
breadth. 

A  person  on  rising  from  a  chair  first  bends  the  body  forward  so  as  to 
bring  the  feet  under  the  centre  of  gravity,  and  then  lifts  the  body. 

When  a  man  walks  at  a  moderate  rate,  his  centre  of  gravity  comes 
alternately  over  the  right  and  over  the  left  foot,  causing  ,the  body  to 
advance  in  a  waving  line.  Persons  walking  arm  in  arm  jostle  each 
other,  unless  the  movement  of  their  feet  oonespond  as  do  those  of  sol- 
diers in  marching. 


LAWS   OP  MOTION. 

26.  First  Law  of  Motion.  A  body  in  motion  will 
move  continually  in  a  straight  line,  and  with  a  uniform  veloci- 
ty, if  it  is  not  acted  on  by  any  external  force. 

Many  persons  are  apt  to  think  that  a  body  in  motion  would  stop  of 
itself;  but  this  is  not  correct,  for  it  is  only  the  obstacles  which  a  body  in 
motion  meets  with  that  causes  it  to  stop.  Thus,  when  a  body  is  rolled 
along  a  floor,  the  friction  of  the  floor  causes  the  body  to  come  to  a  state 
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of  z«st ;  bat  we  know  that  the  smoother  the  floor  the  fiuther  unll  the 
body  TolL  The  renstance  of  the  air  also  tends  to  stc^  bodies  in  motion. 
Hence  it  is  that  a  wheel  with  vanes  will  revolve  much  longer  in  the  ex- 
hausted receiver  of  an  air  pomp  than  it  will  do  in  the  open  atmoGphere. 
Gravity  also  tends  to  destroy  motion :  a  body  thrown  upward  soon  loses 
its  motion,  and  returns  to  the  earth's  surface. 

Whenever,  therefore,  a  body  in  motion  comes  to  a  state  of  rest,  we 
may  safely  infer  that  some  external  force  or  resistance  has  checked  the 
motion ;  and  that  a  body  in  motion  would  never  stop»  that  is  to  say,  it 
would  move  on  and  on  in  a  straight  line  for  ever,  if  it  did  not  meet  with 
any  eztenial  force  or  resistance  to  stop  it. 

Second  Law  of  Motion.  If  any  number  of  forces 
act  at  the  same  instant  upon  a  body  in  motion,  each  force  pro- 
duces its  full  effect  in  the  direction  of  its  action,  just  as  if  it 
had  acted  alone  upon  the  body  at  rest. 

Thus,  if  a  ball  be  dropped  from  the  top  of  the  mast  of  a  flSup  moving 
uaifermly,  the  ball  strikes  the  deck  at  the  bottom  of  the  mast,  and  fidls 
precisely  in  the  same  time  as  if  the  ship  were  at  rest. 

Although  the  eorth,  by  its  diurnal  motion,  carries  all  bodies  on  its 
fiu&oe  uniformly  fbom  west  to  east,  yet  all  motions  take  plaOe  on  the 
earth's  sur&oe  just  aa  if  it  were  at  rest. 

If  a  ball  be  thrown  along  the  deck  of  a  vessel  moving  uniformly,  it 


8  "        * 

win  move  on  the  deck  in  predsdy  the  same  manner  as  if  the  vessel  were 
at  rest.  Let  S  represent  Ihe  deck  of  the  vessel  moving  uniformly  in  the 
water.  Suppose  the  vessel  to  move  from  S  to  «,  or  that  the  pcnnt  A  moves 
from  A  to  C  in  the  same  time  that  the  ball  moves  from  A  to  B.  Now, 
whilst  the  ban  is  moving  on  the  line  A  B,  across  the  deck,  it  is  at  the 
same  time  carried  with  the  vessel  from  A  to  C,  and  at  the  end  of  the 
time  the  ban  is  fotmd  at  D ;  so  that  it  preserves  its  two  motions ;  that  is 
to  say,  it  moves  in  the  direction  A  B  as  if  it  had  no  other  motion,  and  in 
the  direction  A  C  with  the  vessel,  as  if  it  had  no  other  motion.  The 
actual  path  pursued  by  the  baU  is  evidently  in  the  diagonal,  A  D,  of  the 
parandbgram*  A  B  D  C. 

This  establishes  what  is  called  the  paraileloffram  of  motion,  which 
may  be  enunciated  as  foUows  :  -^ 
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Parallelogram  of  Motion.  If  two  velocities  be  given 
to  a  body  at  the  same  instant,  the  actual  velocity  will  be  rep- 
resented by  the  diagonal  of  the  parallelogram  fonned  upon 
the  two  lines  representing  the  velocities  impressed  upon  the 
body. 

Let  a  body  at  A  (fig.  17)  haye  a  velocity  given  to  it  which  would 
cause  it  to  move  uniformly  from  A  to  C  in  a  given  time,  and  another  ve- 
locity at  the  same  instant,  which  would  cause  it  to  move  uniformly  from 
A  to  B  in  the  same  time.  Now,  if  the  parallelogram,  A  B  C  D,  be  com- 
pleted, the  actual  path  of  the  body  will  be  the  diagonal,  AD,  described  in 
the  same  time. 

When  a  boatman  is  rowing  his  boat 
(Fig.  18)  across  a  strong  stream,  the  boat 
has  two  distinct  impulses  given  to  it;  the 
impulse  given  by  the  man,  which  .tends  to 
carry  the  boat  directly  across  the  stream, 
from  A  to  B,  and  that  of  the  stream  itself, 
which  tends  to  carry  the  boat  along  with 
it  from  A  to  D.  Under  the  action  of  these 
two  simultaneous  impulses  the  boat  moves  in  the  direction  of  the  diago- 
nal, A  C. 

Very  nearly  allied  to  the  parallelogram  of  motion  is  the  parallelogram 
of  forces. 

The  parallelogram  of  forces  is  this :  if  the 
sides  A  D  and  A  B  (see  Fig.  19)  of  the  par- 
allelogram, A  B  C  D,  represent  the  magni- 
tude and  direction  of  two  forces  acting  at  the 
same  moment  on  the  body.  A,  then  the  diago- 
nal, A  C,  will  represent  the  magnitude  and 
direction  of  the  resultant  force,  or  the  smgle 
force  which  the  two  forces  acting  together 
produce. 

Thus,  if  the  body,  A,  be  pressed  in  the  direction  A  B  with  a  force  of  3 
poimds,  and  at  the  same  time  in  the  direction  A  D  with  a  force  of  4 
poimds,  then  these  two  farces  acting  together  will  produce  a  single  force 
whose  direction  and  magnitude  may  be  readily  found  by  constructing 
the  parallelogram  of  forces.  From  any  scale  of  equal  parts  take  A  6, 
equal  to  3  units,  representing  the  force  in  the  direction  A  B  ;  from  the 
same  scale  take  A  D,  equal  to  4  units,  representing  the  force  in  the  direc- 
tion A  D ;  construct  the  parallelogram,  A  B  C  B ;  then  the  diagonal,  A  C, 
will  be  the  direction  of  the  single  resulting  force,  and  the  units  in  A  C 
will  be  the  magnitude  of  this  force,  vis.,  6  pounds. 


Fiff.  19. 
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Third  Law  of  Motion.  Action  and  reaction  are  al- 
ways equal  and  contrary. 

If  a  pefBOQ  presMs  the  table  with  his  finger,  he  feds  a  resistanoe  aziong 
fiom  the  reaction  of  the  table;  and  this  ooanter-proBore  is  equal  and 
contrary  to  the  downward  prasure.  Whoi  a  hone  draws  a  load  for- 
ward, he  is  polled  backward  by  the  load.  When  a  gun  is  fired,  the 
espLoson  of  the  powder,  which  gives  the  fhrward  motion  to  the  bell,  at 
the  same  time  gives  the  recoQ  to  the  gun.  When  a  bird  flies,  it  strikes 
the  air  downward  with  its  wings,  and  thereby  produces  a  reaction  suffi- 
cient to  support  it  in  the  atmosphere.  If  a  man  in  a  boat  pull  another 
boat  towards  him,  by  means  of  a  rope,  then,  from  the  law  of  action  and 
roactiaii,  both  boats  will  move  towards  each  other  in  such  manner  that 
thar  momenta  shall  be  equaL 

If  an  dastic  ball  be  projected  in  a  direction  perpendicular  to  the  sur- 
face of  a  hard  pavement,  the  reactkm  will  cause  the  ball  to  rdxwnd  in 


the  flection  in  whidi  it  was  prcgected.    Now,  if  the  ball  be 
obEqudy,  it  will  rebound  obUqudy,  making  the  angle  of  reflection  equal 
to  the  an^  of  incidence. 

The  intensity  of  the  action  of  any  force  is  estimated  by  the  m&BS  and 
vdodty  of  the  body  which  it  sets  in  motion;  that  is  to  say,  by  the  mo- 
mentum of  the  body  which  it  sets  in  motion.  Thus,  if  a  cannon  ball 
be  fifty  times  the  weight  of  a  musket  boll,  but  the  musket  ball  be  moved 
with  fifty  times  the  vdodty  of  the  cannon  ball,  then  both  bolls  will  have 
the  same  momentum,  and  will  strike  any  obstacle  with'  die  same  force. 
Agabi,  let  A  and  B  be  two  bodies  in  motion ;  A  weighs  8  lbs.,  and  moves 
with  the  vekxaty  of  3  feet  per  second ;  B  weighs  4  lbs.,  and  mo^  with 
the  vdocity  of  6  feet  per  second ;  then 

wt.X  vdo. 

8x3  ^  24,  moncntmn  A. 

4X83=  24,  momentum  B. 
that  is  to  say,  the  momenta,  in  this  case,  are  equal,  and  the  quantities 
of  motion  in  them  are  equal,  and  the  intensity  of  the  fixoes  producing 
these  motions  are  equal* 
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If  a  body  in  modoa  impingn  apon  onothes  body,  tbe  quantity  of  xno- 
tion*  or  momentum,  of  the  two  bodies  after  impact  will  be  the  same  as  it 
was  before  impact :  the  momentum  lost  by  the  one  body  is  exactly  the 
tame  as  that  which  is  gained  by  the  other  body ;  and  this  is  tnie  whether 
the  bodies  be  elastic  or  non-elastic. 

Ex.  1.  Let  A  and  B  be  two  non-elastie  bodies  moving  in  the  same  di- 
rection, and  that  A  impinges  upon  B ;  let  the  weight  of  A  be  6  lbs.,  and 
its  velocity  8  feet  per  second,  and  the  weight  of  B  2  Ibs^  and  its  Tdocity 
4  feet  per  second ;  required  the  velocity  with  which  the  two  bodies  wiU 
move  on  together  after  impact. 

Here  the  momentum  of  A  before  impact  :s  6  X  8  ass  48 ; 

Momentum  of  B  before  impact  ss  2  X  4  ss  8 ; 

Momentum  of  mass  after  impact  ss  48  -f-  8  =»  66. 

Now,  as  the  bodies  axe  non-elastic,  they  will  move  on  together,  $Stet 
fanpact,  with  the  same  velocity.  But  the  oommon  velocity  of  the  two 
bodies  vrill  be  found  by  dtvidixig  their  momentum  by  the  sum  of  theit 
weights,  which,  in  this  case^  is  6  lbs.  -f-  2  lbs.  ^  8  lbs. 

fifi 
Velocity  of  the  bodies  after  impact  &■  -^  «=:  7  ft.  per  sec    Amt. 

Ex.  2.  Kcquired  the  same  as  in  the  last  example  when  the  bodies 
move  in  opposite  directions. 

In  this  case  the  momentum  of  B  must  be  subtracted  from  the  momen- 
tum of  A ;  thus, 

Momentum  after  impact  sa  48  —  8  =  40 ; 

40 
Velocity  of  the  bodies  after  impact  sa  -g>  sa  5  ft.  per  sec.    Am> 

When  the  bodies  are  dastic,  the  case  is  somewhat  difftrcnt ;  for  they 
do  not  move  on  together  after  impact  with  a  oommon  vdodt^,  owin|f  to 
the  reaction  of  the  elastic  material  of  which  the  bodies  are  oompoaed. 

The  equality  of  action  and  reaction  in  the  ooDiBton  of  bodies  niay  be 
illustrated  by  the  following  simple  experimental  lepparatos :  A  and  B  are 
two  bells  suspended  by  equal  stnngs,  A  C  and  B  C,  o 

so  that  the  baUs  may  be  in  contact  with  each  other ; 
B  F  is  a  graduated  arc,  of  which  C  is  the  centre, 
over  which  the  balls  may  oscillate.  One  of  the 
baD^  A,  is  drawn  aside  Idong  a  certtin  number  of 
the  arc,  and  then  allowed  to  fall  and  strike  the  other 
ball,  B,  which  will,  in  consequence  of  the  oollisioni 
move  up  the  other  portion  of  the  arc    The  velocity  a  b 

with  which  A  images  upon  B  is  measured  by  the  p^*     21. 

number  of  d€grees  of  the  arc  through  which  it  falls, 
and  the  vdocity  of  the  bodies  after  infpact  ia  measured  by  the  number 
of  degrees  of  the  arc  through  which  they  asoend. 
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£gk  S.  Let  the  two  ImUb  be  oompoaed  of  soft  day,  or  any  oduar  non- 
elafitic  subBtanoe ;  then  after  impact  they  will  move  on  together  with  a 
eommoQ  Telociiy,  which  may  be  calnil|tfd,  as  in  Ex.  2. 

Suifxiae  the  baUa  to  be  equal  in  weight,  and  that  A  impinges  upon  B 
at  rest ;  then  the  two  lails  will  move  together  with  a  vdocity  due  to  that 
which  A  had  at  the  moment  of  impecL  And  so  on  toother  cases,  which 
may  be  readily  Tedfied  by  experiment. 

Let  the  two  balls  be  composed  of  ivory,  or  any  other  aufastaooe  which 
ia  neady  perfectly  elastic,  and  let  them  be  of  the  same  sin.  Suppose 
the  ball  A  to  imptinge  upon  the  baU  3  at  rest ;  ibai  after  impact  A  will 
remain  at  rest,  and  B  will  move  on  with  the  same  yelodty  as  A  had  at 
the  mnrnent  of  impact  In  this  case  the  reaction  of  elastid^  causes  the 
ben  A  to  stopk  and  the  ball  B  to  moive  tewaid  with  the  motion  which  A 
bad  at  the  instant  of  impact.  And  ao  on  to  other  eases,  which  may  be 
readily  verified  by  cgpffimept. 


EFFECTS  OF  ORAyiTT. 

FalHng  Bodies* 

87.  It  has  afaaidy  been  carplahifid  that,  sinoe  gravity  Is  a  ooostantly 
9ti&Dg  iiice^  it  causes  bodies  to  fall  quicker  and  q[tticker  in  the  course  of 


apace  IaImo. 
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their  descent,  and  that  the  Tekxdty  aoqiiired  *at  any  instant  is  propor- 
tional to  the  time  of  descent.  NoW|  in  1  second  a  body  falls  through  16  f^2 
feet ;  in  2  seconds  it  &Ils  throu^  4  times  16i^  feet,  or  64^  feet ;  in  3 
seooads  it  &]]s  through  9  times  16 xV  feet,  or  144|  feet;  and  so  on,  the 
low  of  descent  being  as  follows :  the  space  paseedjfver  by  a  fatting  body 
u  equal  to  \^J2  fi^  mtdtipUed  by  the  eguare  of  the  number  of  teconds 
during  which  the  body  hat  been  fatting.  Thus  the  space  moved  over  in 
3  seconds  is  equal  to  3*  X  IG-jAf  f(Kt  ==  144^  feet,  and  the  space  moved 
over  in  4  seconds  is  equal  to  4*  X  l^iV  ^<^  ^^  257^  feet ;  and  so  on. 

fig.  22  shows  the  rdation  between  the  time,  qwce,  and  vdocity  ac- 
quired by  a  fSalling  body. 

A  glance  at  Fig.  22  will  show  that  4he  spaces  fallen  through  in  each 
successive  second  are  as  the  nimibers  1,  3,  5,  7,  &c. ;  that  is  to  say,  for 
example,  the  space  fallen  through  during  the  3d  second  will  be  equal  to 
5  times  16xV  ^*  ^  80-i^  ft 

Ex.  1.  Through  what  space  will  a  body  fSEiU  in  5  sec.  ? 

Ant,  402xV  ft* 
•   Ex.  2.  Through  what  space  will  a  body  fall  in  2  j-  sec } 

Atit.  lOOfl  ft 

Ex,  3.  What  space  will  a  body  descend  during  the  4th  second  of  its 
fall?  ^nc.  112/7  ft 

Ex.  4.  In  what  time  would  a  body  acquire  a  velocity  of  160f  ft.  ? 

Afit,  5  sec 

When  a  body  is  projected  vertically  upward,  its  motion  is 
uniformly  retarded,  and  it  will  rise  to  the  same  height  as  that 
from  which  it  would  have  to  fall  in  order  to  acquire  the  ve- 
locity of  projection. 

Thus,  for  example,  if  the  body  be  projected  vertically  upward  with  a 
velocity  of  3  times  32^,  the  force  of  gravity  will  destroy  all  its  motion 
in  3  seconds,  so  that  the  height  to  which  it  will  rise  will  be  equal  to 
3*  X  16^  ft  =  144?  ft 

Ex,  1.  If  a  body  be  projected  vertically  upward  with  a  velocity  of 
193  ft  yer  second,  to  what  height  will  it  ascend^  A^it,  579  ft 

Ex.  2.  If  a  body  be  projected  vertically  upward  with  a  velocity  of 
G 1  i  ft,  in  what  tune  will  it  return  to  the  ground  ?  Atu,  4  sec. 

Pn)jcctilc$. 

28.  When  a  body  Is  proj«*cted  obliquely  in  the  air,  it  de- 
Bcribes.a  curved  line,  whicli  i.s  called  ^  parabola. 
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Wevi  it  not  fcr  the  ftcoe  of  gravity,  the  body,  accordixig  to  the  fint 
Isw  of  motion,  would  move  uniformly  on  in  the  direction  of  the  straight 
liiie  in  which  it  is  projected ;  but  the  fiiroe  of  gravity  causes  it  to  be  de- 
flected from  this  straight  Une;  so  that,  under  the  combined  action  of  the 
fooe  of  projectkm  and  that  of  gravity,  the  body  moves  in  a  curved 
fine.  When  the  body  reaches  the  highest  point,  it  descends  in  a  curve 
wfaidi  is  exactly  the  same  as  the  curve  which  it  punued  in  its  ascent. 


tf.23. 


Let  •  body  be  pgqjected  in  the  line  a  h  (see  Fig.  23,)  with  a  velocity 
whiefa^would  cazry  it  (if  gravity  vrere  not  acting)  Ikom  a  to  I  in  1  sec- 
end,  from  a  to  Kin  2  seconds,  and  so  on;  then  the  path  of  the  body  will 
be  in  the  parsbola  a  d  ^fg*  where  e  is  the  highest  point  of  ascent,  and 
the  curve  efg  of  descent  has  the  same  fonn  as  the  curve  aded  ascent 
The  path  of  the  projectile  may  be  found  in  the  IbUowing  manner : — 
Dmw  the  vertical  0  0;  tako  a  A  «» 16i^,  the  jpiuie  through  which  • 
8^ 
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body  'will  lull  in  1  second ;  a  I  &=  4  X  ICyV*  ^^  space  through  nrhich  a 
Ludy  will  full  in  2  seconds;  a  ^  =  9  X  l^i*ji  the  space  through  which 
a  Ixxly  will  lull  iu  '6  t>ecuuds ;  und  so  on :  draw  h  d,  I  e,  kj\  &c.,  parallel 
to  a  6,  and,  interyectuig  the  verticals  dioiwu  through  the  pobits  I»  1I»  1IX» 
&:c,  iu  the  puutu  (^  ir,/',  &:o.,  thi:ii  the  path  ol  the  pit^tile  will  be  in 
the  curve  a  u  vj  y. 

7he  J^cndtdum, 

29.  The  times  of  the  vibrations  of  the  pendulum  are  very 
nearly  equal,  whether  it  be  moving  much  or  little  ;  that  is  to 
^ny,  whether  the  arc  described  by  it  be  large  or  small. 

Hence  it  is  employed  to  regulate  the  xnachuiery  of  our  clocks.     The 
time  which  a  pendulum  takes  to  make  a  vibration  depends  vcpcm  its 
length ;  it  is  well  kno^-n  that  the  longer  the  pendulum  the  greater  is  the 
time  which  it  takes  to  ixrform  a  vibration.    It  has  been  asceitauicd  that 
the  lengths  of  diifcrent  pendulums  vary  as  the  squares  of  their  respective 
times  of  vibratio:\s :  thus,  a  pendulum  which  vibrates  in  3  seconds  must 
be  nine  tunes  the  length  of  a  pendulum  which  vibrates  in  1  secood ;  a 
})cnduliun  which  vibmtea  in  half  a  second  must  be  a  quarter  the  length 
of  a  pendulum  which  vibrates  in  1  second ;  and  so  on.    The  length  of 
a  pendulum  vibrating  seconds  at  London  is  about  39^  inches,  and  there- 
fore the  length  of  a  penduluiH  to  vibrate  half-secondB  must  be  the  quar- 
ter of  39^  inches,  or  about  9f  inches. 

Motion  round  a  Centre, 

30.  When  a  body  moves  round  a  centre,  it  is  acted  upon 
by  two  forces,  viz.,  the  force  of  projection,  which  gives  the 
body  motion,  and  the  centripetal  force,  or  centre-seekmg  foroe, 
which  retains  it  in  its  circular  path,  thereby  preventing  it  from 
flying  off  in  a  straight  line,  or  in  a  tangent  line  to  the  curve. 
This  tendency  to  fly  off  in  a  tangent  is  called  the  cetUrifugal 
force,  or  centre-flying  force.  This  force  is  counteracted  by  tlie 
centripetal  force. 

Such  is  the  motion  of  the  planets  round  the  sun,  and  the  satellites 
round  thdr  respective  primaries.  The  gravitation  of  the  planets  towards 
the  sun  is  the  centripetal  force,  and  the  force  of  projection  we  assume  to 
have  been  at  first  given  to  the  various  planets  by  the  hand  of  the 
Creator. 

One  of  the  most  ftmiliar  instances  of  motion  round  a  centre  is  the 
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^  motum  nren  to  a  stone  in  a  aling.  Here  the  pTopelling  ibrce^ 
or  tlie  foice  of  pnjjbctioD,  is  given  by  tlie  hand,  and  the  centripetal  force 
18  exhibited  in  the  tensian  of  the  string ;  trhen  we  quit  the  string,  the 
oeotripetal  tece  no  longer  acts,  and  the  stone,  by  the  action  of  the  cen- 
trifiigal  iovce  generated  by  the  whirling  motion,  flies  off  at  a  tangent. 

When  we  whirl  a  mog,  the  water  flies  from  it  by  the  action  of  the 
oentriliigid  foroe,  and  the  threads  of  the  mop  assume  the  fcnn  of  a  qihe- 
roidt  or  of  a  apbete  flattened  at  the  poles  of  reyohition.  In  like  manner 
the  earth  m  a  great  globe  flattened  at  the  poles.  The  rotation  of  the 
earth  upon  its  axis  has  caused  the  equatorial  parts  to  bulge  out. 

'When  a  caxriage  is  moved  rapidly  round  a  comer,  it  is  very  liable  to 
be  overturned  by  the  oentzifiagal  force  thus  brought  into  action. 

When  an  animal  moves  round  in  a  cbde^  he  leans  towards  the  centre, 
in  order  to  counteract  the  centrifugal  ferce. 

When  raihrayB  ibrm  a  rapid  curves  the  outer  rail,  D,  (Tig.  24,)  is  laid 
higher  than  the  inner  railt  £,  in  order  to  counteract  the  eifect  of  the  oen* 


B    o 


1^.24. 


tnf  ugal  fivce,  which,  acting  thmugh  the  centre  of  gravity,  G,  of  the  car- 
riage, has  a  tendency  to  throw  it  off  the  line.   The  rise,  K  D,  of  the  outer 
Tuil  M-iU  of  course  depend  upon  the  quickness  of  the 
curve  mid  tLc  brccdth  of  the  rail. 

'ilic  following  instructive  experiment  is  sometimes 
performed  by  conjurers :  A  B  is  a  hoop  which  re- 
volves upon  an  axis,  O ;  W  is  a  wine  gloss  of  water 
placed  within  the  hoop.  Now,  when  a  rapid  motion 
of  rotation  is  given  to  the  hoop,  the  wine  glass  of 
Iroter  is  sustained  in  its  i>IacG  by  the  centrifugal  ftroe 
that  is  thus  generated ;  and  if  the  experiment  be  care- 
fully made,  not  a  single  drop  of  water  will  be  thrown 
from  the  gbas. 
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LABORING  FORCES.  ^ 

81.  When  work  »  pedacm^  by  any  agent,  there  is  always  a  oertain 
weight  or  ransUnoe  mo?ed  ovor  a  certain  i^ace.  The  amount  of  work 
done  will  obviously  depend  upon  the  weight  cr  resistanoe  that  13  nMnred^ 
and  the  space  over  which  it  is  nioved.  In  order  to  estimate  the  amount 
of  WQvk  done  by  any  laboring  fbroe^  it  is  requisite  that  we  should  fix 
upqn  aome  unU  of  wnk*  Now,  tha  unit  of  work  adopted  in  this  coun- 
try is  the  labor  expended  in  raising  a  pound  weight  one  foot  high  in  op- 
position to  gravily ;  or,  what  amounts  to  the  same  thing,  it  jus  the  labor 
expended  in  moving  a  resistance  of  one  pound  through  the  space  of 
one  foot  in  oppoaitian  to  the  disection  in  which  the  resistanoe  acts.  From 
this  dpflnitinn  of  a  unit  of  woik  it  follows,  that 

Xbo  work  expended  11^  raisijig  any  body  in  opposition  to 
gravity  jii  jequa)  U>  tbe  product  of  iu  weight  in  ^gm^^  t>y  Ihe 
vertical  space  in  feet  through  which  it  is  raised.  ' 

For  example,  the  work  expended  in  raising  60  lbs.  to  the  height  of  20 
feet  will  be  equal  to  60  X  20  =  1000. 

In  calculating  the  work  requisite  to  pump  water  from  a  mine,  it  is 
only  necessary  that  we  should  find  the  wei^t  of  the  water  in  pounda* 
and  then  multiply  this  result  by  the  depth  of  the  mine  in  feet. 

When  a  horse  draws  a  carriage  along  a  road,  the  work  which  he  per- 
forms is  expended  in  overcoming  the  resistance  of  the  friction  of  the  road 
to  the  motion  of  the  carriage.  Now,  on  any  given  xoed,  this  resistance 
of  friction  IB  sunply  proportional  to  the  weight  of  the  k)ad ;  so  that,  in 
calculating  the  work,  we  allow  so  many  pounds'  resistanoe  for  every  ton 
weight  in  the  load.  The  work  in  this  case  will  be  found  by  multij^ying 
the  total  resistance  of  friction  in  pounds  by  the  space  in  feet  over  whidi 
the  carriage  is  moved. 

It  is  also  customary  to  express  worii  in  miits  of  a  hone  power.  Watt 
estimated  that  a  hocse  could  perfonn  33,000  units  of  work  per  minute ; 
this  work,  therefore,  is  called  a  horse  power.  In  order,  therefore,  to 
determine  the  number  of  horse  powers  of  an  engine  requisite  for  per- 
forming a  certain  amount  of  work,  we  must  flist  find  the  number  of 
units  of  work  which  must  be  done  per  minute,  and  then  divide  this 
result  by  33,000  to  find  the  number  of  hoEse  powers. 

EXAJCPLES. 

Ex.  1.  How  many  horse  powers  would  it  take  to  raise  2  cwt.  of 
coals  per  minute  from  a  pit  whose  depth  is  100  frithoms? 

Weight  of  the  coals  in  Ibs.a  2  X  112a224; 
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Depth  of  the  pit  in  feet,  «     6X100=^     ^600; 

Work  to  be  done  per  min.,  =  224  X  600  »  134.400 ; 

V      ^  V  134,400 

No.  of  hone  powens,  =  s  4.07,  Atu. 

OofOOO 

Ex.  2.    Kequired  the  same  as  in  the  last  example,  when  the  weight 

of  the  coab  is  1  cwt.,  and  the  depth  of  the  pit  is  400  fathoms. 

Am,  8.14. 
Ex,  3.    How  many  horse  powen  would  be  required  to  raise  1000 
cubic  feet  of  water  per  hour  fiom  a  mine  whose  depth  is  ninety  fathoms  ? 
Weight  of  water  in  lbs.  3±s  62.5  X  1000  =:  62,500  lbs. ; 
Depth  of  the  mine  in  fiset  =s  6  X  90  =  540  feet ; 

Work  to  be  done  per  hour  ^  62,500  X  540 ; 

w-^  ^   x^A^  .  ^2.600  X  640 

wodL  to  be  done  per  min.  = -— ss  02,500  X  0 ; 

Tff      ., 62,500X9 

Na  of  horse  powc»  ^SzM^'  =  H,  ^.w. 

Ex.  4.  Bequircd  the  same  as  in  the  last  example^  when  the  number 
of  cubic  feet  of  water  =s  1250,  and  the  depth  of  the  mine  s  43  fiith- 
«ns.  Afu,  10.1. 

Ex*  5.  If  a  man  can  peifimn  2500  units  of  work  per  minute,  in 
what  time  will  he  pump  1 00  cubic  ieet  of  water  from  a  well  whose  depth 
ii  500  feet? 

Wosktobedooesaioo  X  62.5  X  500; 

^           ,     ^          ,        100  X  62.5  X  500  1250 

Time  to  do  the  work  as ^^ a.  x25o  minutes,  = -^ 

n  20.B3  boon,  Amu. 

Ex.  6.  Required  the  aame  as  in  the  last  example,  when  the  number 
of  cubic  feet  of  water  as  50,  and  the  depth  of  the  well  ss  250  feet. 

Am.  5.2  hours. 

Ex.  7.  What  must  be  the  horse  powen  of  a  locomotive  engine  which 
mores  at  the  steady  epeod  of  80  miles  per  hour,  on  a  level  rail,  the  wei^t 
of  the  train  being  25  tons,  and  the  reiistance  of  friction  at  the  rate  of 
8  lbs.  for  every  ton? 

Total  resistanoe  of  fiiction  s  8  X  25  rs  200  lbs; 

30  X  5280 
Distance  this  reeiBtanoe  is  moved  over  in  ft.  per  mm.  ==* -r- 

«  2640  feet; 

Work  to  be  done  every  minute  =s  200  X  2640  ; 

200  X  2640 
Hflne  powers  of  the  engine  to  do  this  works: —  — =s  16  hone 

powers,  AnM. 

Ex.  8.  Bequiied  the  same  as  in  the  last  example,  when  the  speed  =s 
25  miles,  and  the  weight  of  the  engine  =3  60  tons. 

Ahm.  32  horse  powen. 
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General  Views  relative  to  Machines, 

32.  The  object  of  machinery,  properly  so  called,  is  to  regulate  the  difi- 
tribution,  or  change  the  direction  of  vroA,  not  to  increase  it.  If  there 
were  no  friction  or  any  other  resistances  to  the  motion  of  the  pieces  com- 
posing a  machine,  the  work  that  would  be  given  out  would  be  exactly 
equal  to  the  work  applied.  Dead  matter,  by  its  gravity,  produces  pres- 
sure, and  by  the  intervention  of  mechanism,  that  pressure  may  be  in- 
creased or  decreased ;  but  work  is  peculiarly  the  production  of  active  or 
living  agents.  To  suppose  that  machines  are  capable  of  augmenting 
work  would  be  endowing  ineft  matter  with  i|  creative  power— the 
power  of  creating  work. 

In  all  laitanoeB  of  lahor  performed  by  inanimate  matter,  there  is 
some  active  agent  of  nature,  sudi  n  heat,  electricity,  or  gravitatiai« 
which  gives  rise  to  the  work ;  but,  in  the  case  of  merely  mechanical 
arrangements,  the  inert  matter  is  the  passive  lec^ient  of  work,  or  the 
channd  through  which  it  flows.  Hence  we  may  lay  it  down  as  a  fun- 
damental axiom  in  mechanics,  that  (abstracted  from  friction  and  the 
remstance  of  the  air)  the  work  done  by  any  maehins  m  the  same  ae  the 
work  applied.  Now,  as  the  work  is  the  product  of  pressure  and  motion, 
it  follows  that,  if  the  working  point  of  a  machine  moves  more  slowly 
than  the  driving  point,  then  the  pressure  at  the  former  will  be  greater 
than  it  is  at  the  latter.  Thus,  for  example,  if  the  power  applied  to  the 
extremity  of  a  lever  moves  twice  as  ikst  as  the  weight  or  resistance  at 
the  other  extremity,  then  the  prewure  of  the  pover,  in  order  to  raise  the 
weight,  must  be  only  one  half  of  the  pressure  of  the  weight  or  resist- 
ance, for  then  the  work  applied  by  the  power  would  be  exactly  equal  to 
the  work  done  in  raising  the  weight  or  resistance.  So,  in  like  manner* 
in  any  arrangement  of  wheels  or  pulleys.  If  the  power  applied  moves 
say  nine  times  as  fiist  as  the  resistance  or  weight  to  be  raised,  then  the 
pressure  of  the  power,  in  order  to  raise  the  weight,  must  be  only  one 
ninth  of  the  pressure  of  the  weight  or  resistance. 

Thus  it  appears,  from  the  principle  of  the  equality  of  work,  that  where 
the  power  applied  to  a  machine  is  just  able  to  raise  the  weight  or  resist- 
ance, tke  power  and  the  weight  wiU  be  to  each  other  invereehf  at  their 
veheitiet;  or,  in  other  words,  the  weight  moved  will  be  as  many  times 
greater  than  the  power  applied  to  move  it,  as  the  velocity  of  the  power  is 
greater  than  that  of  the  weight.  Now,  the  number  cf  tunes  that  the 
weight  is  greater  than  the  power  is  called  the  advantage  gained  by  the 
machine.  Hence  the  advantage  gained  is  equal  to  the  number  of  times 
that  the  vdodty  of  the  power  is  greater  than  that  of  the  weight ;  or,  in 
more  precise  language, 

The    advantage    gained  by  a  machine  is  equal  to  the 
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Telocity  of  the  power  divided  by  the  velodtj  of  the  re- 
sistance. 

HiIb  vi  ftmetixhes  cdkd  the  princqile  of  Tiztual  vektitieB.    I'nurtical 
men  <iA|aum  this  law  by  saying,  '*  What  you  gain  in  power  you  loU  in 


»» 


MECHANICAL  J^OWEft^. 

Hie  timpio  mmAinM^  or  mechanical  powen^  as  they  have  been  caUed* 
—  the  lever»  the  wheel  and  axle^  the  polley,  the  inclined  plane,  the 
wedge,  and  the  screw,  —  enable  man  to  adopt  any  spedes  and  speed  of 
power  which  he  can  command,  to  almost  any  wofk  which  he  has  to 
act^iiyipiish.  But,  as  we  have  abeady  ezploined,  the  advantage  gained  is 
anally  an  advantage  of  pressure,  not  of  work ;  for  what  is  gained  in 
piiiBUiu  is  lost  in  speed,  and  therefore  the  actual  amount  of  work  done 
by  means  of  themechamcal  power  is  neither  increased  ner  decreased ;  in- 
deed, if  the  friction  of  the  parts  of  the  machine  is  taken  into  account, 
the  woriL  done  by  it  is  really  less  than  that  which  would  be  done  by  the 
■lan  lahnring  without  the  interventkn  of  such  machinery. 

The  Iav9T,  j^ 

33.  The  lever  is  an  inflexible  bar  or  rod^  taming  on  a 
pivoly  which  is  called  the  fulcrum.  It  is  used  for  raising 
heavy  weights  over  a  short  distance. 


Kal. 


.j.^ 


K0.& 


Fig.^. 


Thuii,  j^  W,  (Fig.  26)  represents  a  crowbar  or  lever,  W  the  instance, 
F  the  ftilcnmi,  and  P  the  point  at  which  the  power  Is  applied.       * 

l\g.  27  f^preaents  a  lever ;  C,  the  fulcrum  or  centre  of  motion ;  P  C, 
the  arm  to  which  the  pressure  of  the  power,  P,  is  applied;  and  C  W, 
the  arm  to  which  the  pressuie  of  the  weight,  or  resistance,  W,  is 

Now,  when  the  lever  comes  to  the  pofdtion  p  w,  the  power,  P,  has 
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moved  OTcr  the  arc  P  p.  while  the 
weight  W  has  XDOved  over  the  arc 
W  tp;  these  arcs,  there&]re»  respeo- 
tively  rqveaent  the  velodtiea  of 
P  and  VT.  « 

Here,  if  the  arm  C  P  iwre 
double  Uie  arm  C  W,  the  vdodty 
of  P  wmld  be  double  that  of  W, 
for  a  double  radiufl  would  sweep  over  a  douUe  arc ;  and  if  the  arm  U  r 
were  three  times  the  length  of  the  arm  C  W.  the  Tdocity  of  P  would 
be  three  times  that  of  W ;  and  so  on:  ao  that  the  Telocity  of  the  power 
iB  as  many  times  the  velocity  of  the  weight  as  the  arm  by  which  the 
power  acts  is  longer  than  the  arm  by  which  the  weight  acts ;  andtherfr. 
fore,  from  what  has  been  explained,  the  adrontage  gained  will  be  feond 
by  finding  the  number  of  times  that  the  arm  C  P  is  greater  than  the  arm 
CW;  thuB,if  CPbeStimcs  the  length  of  CW,  the  advantage  gained 
will  be  3,  and  a  pressure  of  1  cwt.  at  P  will  raise  a  resistance  or  weight 
of3cwi.atW.    Again,ifCP  =  6feet.andCW«4  fi)ot,thaito 
advantage  gained  will  be  10,  becaaac  6  feet  are  equal  to  10  times  4  fix*  i 

and  so  on  to  other  cases. 

84.  Levers  are  divided  into  three  kinds,  according  to  the 
rektive  positions  of  the  power  and  weight  with  respect  to  the 
fulcrum. 

lig.  28  represents  $i  lever  of  the  JM 
ittfki.  where  the  power  P  andweightW 
act  on  oppoate  sides  of  the  fulcrum  F. 
Fig.  26.  No.  1,  also  represents  a  lever  of 

the  first  kind. 

Fig.  29  represents  a  lever  of  the  ueond 
AmmL  where  the  power  P  and  weight  ^  .    i;,i««,m 

tHn  the^eide  of  the  fulcrum  F;  but  W  »»«««^^^ 
^P.    Fig.  26.  No.  2,  also repr«eat»  a  lever  of  the  second  kind. 


1^.28. 
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Fig.  30  n^dotti  a  lercr  <rf  the  MM  Und,  whtn  the  power,  P,  and 
wriglit,  Vf,  act  om  the  aame  sde  of  the  fulenun,  F ;  but  F,  in  this  ewe, 
ii  Dcanr  to  the  fulcmm  thaa  W. 

'When  a  man  laiiea  a  Uddet  againrt  a  wall,  (iee  Kg.  31,)  be  Moploya 
a  Wcr  of  the  third  kind.    In  tli^  case,  the  folcmiD  is  at  Ibe  fbot  itf  the 
ladda,  the  paws'  ii  applied  b;  the  hand  of  the 
mant  and  the  teaietance  ja  the  weight  of  the 
ladder  itadA  which  acta  through  ita  centre  of 

In  thelererof  thesecoDd  ldnd,(aee^.  3S,) 
if  Ae  am  A  F,  by  which  the  power  acts,  b  6 
fKt,  and  the  artn.B  F,  b;  which  the  weight 
Bcti,  ia  2  feet,  then  the  advantage  gained  will 
he  fi  -^  3  =3  2| ;  that  ia  to  aay,  a  power  of  1 
ewt.  applied  at  A  will  just  balanee  a  wdght 
of  H  cwt.  ^iplied  at  B,  and  a  power  of  60  Ibb 
ai^lied  at  A  will  balanoe  a  weight  of  Sj  timea 
60  Iba.,  or  160  lbs.,  applied  at  B  ;  and  «o  on  to 
atheroma.  '  ~~ ™ ""  '' 

Lt  the  kni  of  the  thiid  kind,  (see  Fig.  30,)  Fij/.  31. 

Otoe  is  pows  lost ;  for  ezompl^  if  B  F  be 

twice  A  F,  then  a  wdght  of  1  cwt.  suspended  at  B  will  require  a 
power,  F,  of  2  cwt.  applied  at  A  to  sotfain  it. 

A  poka,  aa  it  is  usually  onpk^ed  in  Btinitig  the  fire,  ia  an  inrtance 
of  a  lervT  of  the  fiict  kind ;  whoe  the  bar  of  the  grate  is  the  fiilcrum, 
and  the  reutanca  nxned  ia  the  coal  of  the  fire.  The  clawed  hamma', 
as  it  ia  used  in  drawing  out  a  nail,  ia  also  a  lerer  of  the  fiiM  kind.  The 
nut-oaiis,  theoor,  Ac,  arelerenof  theaeoDndkind.  lite  £k  tonga, 
die  aupr  ton^  Ac,  belong  to  lereti  of  the  tlurd  kind. 

Wheel  and  AxU. 

U.  Una  mechanical  power  ia  only  enotbtf  fixm  of  the  lent,  wha« 
the  pcnrcr  ia  made  to  act  without  inteiminicn.  In  ita  moat  simple  form, 
b  coDBSIa  of  a  boitootal  axle.  A,  [Fig.  3!,)  and  large  wheel,  R,  which 
tun  iipcn  two  pivuta  supported  in  gudgoona.  A  ocrd  wn^pwg  round 
dw  axle.  A,  raataina  the  wdgl^  W,  and  anollier  end  wrapping  tonnd 
the  wheel,  K,  m  a  contniry  direction,  iuitaina  the  pows,  P.  Theae 
teea  alwaya  aat  in  the  Election  of  a  tangent  to  the  drcle.  Hera  the 
leraage  of  the  powa  is  the  tadlua  of  the  whed,  and  the  leroage  of  the 
weight  is  the  ladina  of  the  axle ;  hence  the  adrantage  gained  ia  equal 
ta  the  mnnbo'  of  tinea  th>t  the  ladina  of  the  axle  is  eootained  in  tbe 
laffina  «f  tbe  wbed :  tlma,  V  the  ndma  of  the  wbed  ii  M  inches,  and 
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that  of  the  ixle  3  tncbes,  thsi  the  mdrsntagB  gainBd  iRmld  b«  8,  and  • 
powa-  at  1  cwt.  ^)plied  to  tha  whad 
'would  balanoa  a  weight  of  S  cwk 


r^.zi. 


3S.  The  wiadlasi  \»  eatj 
team  of  th«  whed  and  azla,  n 


huidle  C  B  w  nihMitated  In  tha 
placs  of  the  whed.  In  thii  cmt,  the 
advanUp  gained  b  equal  to  the  num- 
ber of  timca  that  the  kngth  of  handle 
ii  greabBi  than  the  ndius  of  the  axle  { 
thin,  fbr  example,  if  the  length  of  th« 
handle  ii  IB  Inchra,  and  the  tadiia  of 
the  axle  ia  2  inidie*,  then  the  adTaatage  wovld  be  0,  and  ■  yttMialt  at 


ConMnation  of  Wheels  onrf  .Axtee. 

ST.  In  Tig.  31,  F  is  a  whed,  to  which  the  powa  F  ii  applied,  afl 
B  C  ita  axle,  tunung  iipoo  a  ctnsmoa  azii ;  A  D  ■"<!<>' fT  wheel,  with 
ita  axla  B  coataining  the  wci^ 
W.     The  motiani  of  the  *xle  -^ 

BC  ii  tianamitted  to  the  whed       /^ 

A  bf  maana  of  a  and.  /  ^""^C^ 

To    calanlatB    the    adraataga  (O) 

gained,   let    the  ladiui    of  the 
wheel  F  ba  IS    iifehea,  that  of 
il«  axle  B  C  2  incho,  the 
of  the  whed  A  D   36 
md  that  of  ib  axle  S  8 
Oan  the  adraotaga  gidttad  fay 
the  flnt  wheel  and  axle  will  ba 


cqnal  to  18  -r  2  ^:  V,  n  that  if  P  be  1  Ux,  A  will  produce  s  Ifanw  of  9 
Ibi.  on  tbe  cord  C  A.  The  tdvmUge  gained  bj  the  Kcood  wbeel  and 
sxle  will  be  36  -r  3  =>  12,  K>  Qui  ■  force  of  1  lU  iqqtlied  to  the  cord, 
C  A,  will  tvMara  •  weight  W  of  12  Qv.  i  and  therdbR  a  weight  of  B 
Us.  applied  to  the  cord  C  A  will  tafia  a  weight  W  of  9  timca  12 
ns..  or  108  Dm.  ;  lo  that  the  total  adrntage  gained  wiU  be  108. 

Cbgged  WkteU. 
38.   Let  D  (Kg.  35)  be  a  eaggai  m  toathad  «Am^  turning  npoo  the 
■ane  asia  aa  the  wheel  C ;  Q  anothtt  cogged  wiieel.  acted  npon  bj  the 
tanoa,  «id  taming  npni  the  inne 

axis  M  the  axle  L    Pi«n  thewhed  ^y      ^  ,r\_/-t 

C,  ia  naprnded  Ibe  poww    P,  and        ^  ^"'-O   /"^^^fl  ^^ 
fhmi  the  axle  1,  the   ww^t  Wj      ■»/_/■    ^4      ^— n     f  * 
thai  while  P  dooencU,  the  whed  C 
and  the  oog  D  wiU  be  tamed  nmnd. 


WSf-U. 


».  When  the  axle  ia  placed  in 
a  TCttical  pontion,  and  the  power 
ia  ^iplied  t7  nteaoa  (tf  ban  or  leran 
ioKrted  into  tbe  bida  at  H,  ai 
Aawa  in  Fig,  36,  the  machiiie  ia 
caDed  a  eopitan.  In  thia  ca*ev  the 
cable  coib  n«nd  the  axle  in  the 
fam  of  an  oidkaa    rape,  which 

yAa^  nmnd  the  Iowa  pait  of  the  Fig.  3S. 

xxle^   and   at  the  Bams  time  Ma- 

windt  &^nn  the  upper  pait.    The  axle  ia  made  conical,  tomaUe  the 
wij^man  ta  ihifl  the  cable  upwardi,  aa  it  becomes  neceagary. 

40.  The  gib  oidh,  tepresented  in  Fig.  SS  a>  ii  a  uieful  affilicatiaa  of  the 
whed  and  axle ;  D  O  ii  a  vctiical  beam,  reating  as  well  at  turning  upon 
a  pint  at  ila  nnd^  end,  and  lupported  in  its  upright  petition  by  itaj> 
in  tbe  Boor,  with  loUai  attached  to  than ;  E  B  is  an  arm  injecting 
frcm  tbe  beam  D  0,  having  a  pulley  B  at  ila  extieratty ;  tite  axci  of 
\  by  two  eait  iron  eioMea,  bdted  <■>  cadi 


mttaoogQwinbatmnediAaeoD-      ^^ 
Baiy  aneiiaat  and  dma  the  ecad   ^(^ 
1 W  win  be  eeOed  op  upon  tba  ula 
I,  »d  the  w«i^  W  iriU  be  labad. 

Wl^  tlw  ladii  of  the  vheda  and  axki  aM  ^m,  the  >Jtil^« 
giified  br  Ihia    —  — fct»-*  will  fa* 
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tfde  of  the  Tcstica]  beam ;  H,  the  irinch  (v  bandl^  ttona  •  pinion 
fixed  OQ  ita  wdi ;  thii  pinioii  nuiu  the  spaz  wbed  a,  irhicb  caniei 
a  pinion  on  it«  axii ;  then  thii  lattw  pinion  tuin*  Qte  large  wheel 
C,  with  it!  band  or  nde  A,  ramd  which  the  chain  i>  coiled ;  this  chiiii 
paaaea  over  the  pullcj  B,  end  ba*  a  book  at  its  exbonity  lor  lajing 
hold  of  tha  weight  to  beraiiedi  the  band  Aha*  a  tatcbet  wheel  and 
detent  to  prerent  any  recoil.  At  the  gib  admiti  of  being  turned  niimd 
in  any  diitcCiOD,  a  wQght  raised  fttmi  one  aide  of  it  may  be  turned 
round  and  let  down  at  the  opposite  aide,  or  at  any  part  within  the  iweep 
of  the  gib.   To  undoatand  the  comtTUctioa  of  a  cranes  jou  ahould  go  and 

•  The  PvSey. 

41.  When  a  rope  P  A  B  W  posaea  ortr  a  faed  wheel  C  turning  on 
an  axis,  the  mechanism  is  called  a  poUcy.  A  force  pull- 
ing at  the  cord  P  A  cousea  the  wheel  C  to  turn  upon  ita 
axis  &om  the  fiiction  of  the  cord  on  ita  e<^ ;  and  as  the 
wheel  tuma  it  gives  off  cord  equal  in  length  to  the  space 
described  by  its  circumference. 

Here  the  jnotion  of  P  and  W  must  be  equal;  fin, 
whatever  space  P  may  deacend,  W  will  ascend  through 
the  same  space.  Moreors,  when  equilibrium  takes  place, 
the  tennon  or  stretch  of  the  single  cord  P  A  B  W  must 
be  the  same  in  every  part,  and  the  Veniaoa  of  the  pcrtkn 
A  P  will  be  the  same  sa  the  tension  of  the  pnrticn  B  W ; 
therefcre  the  weight  F  must  be  equal  to  the  weight  W, 
in  order  to  paoduce  theae  equal  tcnaiDn*. 


Fig.VJ. 


pulley  ii  a 

n*  poUer  ii  said  to  ba  jlwrf  w  ■«>- 
vMt,  ■odorAng  m  iliUock  ii  fixed  er 
nuniik.     Tboe  i 

tknaof  palleTii  in  mil  of  tfa«ni»fbR«   I 
called  the  power  (P)  is 
fint  string,   mod   thu  si 
ixoe.  called  tbe  weight,  (W,)  qipUed   E 
to  tbe  laM  Atnc. 

&i  Pig. »  ft  GOOtinuoa*  md  F  A  B  D 
panM  orcT  *  asoeaUt  P*"*!'  C,  and  is 
flmd  to  a  book  at  D.  The  pnm  is  qiplied  it  P 1  aad  Um  migbt  W 
ta  ttt  rued  i>  soqmded  fiixtt  tha  bkick  of  tike  pnllBf .  Hcr^  m  W  is 
WMpended  bf  two  cotds  A  P  aad  B  D,  eadt  e«rd  nuat  suHain  one 
Uf  the  weight— thM  i*  U  nj,  tb«  powet  will  he  ow  bidf  As  w«i^ 
gapwwicfl  BxwillMqpDrtkwd^Wsf  Ste 


Fis.tS. 


F^.Zi. 


K?-*0. 


In  ng.  40  Pis  ajtMdyaBiy,  and  C«  movable  one;  the  single  o' ean- 
tinnoas  cod  P  E  Q  A  B  D  pasMa  over  the  wheels  F  and  C,  and  is  flxed 
la  a  book  D.  If  W,  with  its  pulley  C,  sacoid  1  loot,  tba  coris  B  D 
and  A  Q  will  eadi  be  shortened  I  (bet,  and  therdbre  tbe  cord  SF  wiQ 
be  lengthened  2  Ibet  — that  is,  the  vdodty  of  P  will  be  double  the  vdo- 
eity  of  W ;  and,  IhoKfac^  on  the  principle  of  virtual  velodtiea,  tbe 
adTanl)^  will  be  2— ttiat  is  tosaj,  1  ib.  suqmdcd  at  P  will  suCain  2 
Iba.  sospended  «  W. 

43.  PriimipU  cjf  TsiuiM.  — Tkfl  ^jjgU  corA  P  Q  B  D  will  have  the 
nmeleniioDineTtiy^art;  now,  Whanga  by  the  two  cords  BD  and  AQ: 
a  wdght  equal  to goe  half  W  —  thatii^ 


42  VATOBAI.  AVD   ■XFIBIKBIfTjbl.  rBILOSOPBT. 

the  cod  A  Q  will  Isra  K  teotkni  of  ooe  half  W  i  but  thb  tnwn  ia  »- 
uted  }jj  the  power  at  P  ;  tbere&ze  P  must  alw  be  oae  half  W. 

In  the  annexed  lyMon  there  aie  two  morable  pullep,  A  and  B,  and 

one  fixed  pulley,  C,    Here  the  atoing  to  which  s, 

the  power  is  attached  poasea  oter  (be  lixed  pul- 
ley C,  then  round  the  morable  pulley  A,  and 
lUB  Its  extremity  fixed  M  T.  Another  Rni^ 
ia  attached  to  the  block  ttf  the  |nIkQrA,tben 
poNH  raund  tbe  uKnahle  pull(7  B,  and  haa  ib 
extremity  fixed  at  N.  Hoe  P  Q  R  A  T,  bang 
a  cantinuoua  cord,  wiU  be  aintched  equally 
throughout  the  whole  of  ita  bngth;  and  tba 
rordaARand  S  T  wiU  CMh  hare  a  teoaiDn  F 
lbs. ;  and,  therdbre,  a  wei^  of  3  P  Iba.  muat 
be  Buapoided  ftom  D.  Id  like  manner,  Mooe 
D  B  L  N  ia  a  oontinucMia  ooid,  L  N  and  B  D 
will  have  tbe  aame  tention— that  ii,  eatA  of 
tbem  will  have  a  tenuoo  of  2  P  Iba.;  and> 
theteibre,  a  weight  of  twice  3  F  Sn.,  a  4  P 
Us.,  must  be  nupeiided  ftnm  E ;  that  i*  to  lay, 
in  the  i^atem  Tepracnted  in  Fig.  4 1,  we  have  W^^  P. 

In  tbii  ayitem,  (see  Fig.  12,)  %  aingle  or  cootinuoui 
cord  paauB  round  the  wheels :  therefbte  every  povtion 
of  the  cord  munt  have  tbe  Bsme  tenvon  ;  butWhangi 
by  Bi  cordi;  tlieiefbre  each  cotd  will  carry  one  sixdi 
of  tbe  wdgbt  W,  and,  consequently,  the  power  P 
muatalsobeimeiixthof  W;  that  ia,  W  — 6  P. 

Dy  raenna  of  a  fixed  pulley  (aee  Kg.  43)  a  man 
may  raise  hinuelf  to  any  height,  or  let  himaetf  down 
to  any  depth.  V\rv  cwmpia  have  been  oonitnicted  oo 
thia  piindlJe. 

13.   Pulleys  are  &eqnently  onpkpyed  fa  fTmngJng 
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tba  dincdaD  of  modon.  Fig.  i4  shtnra  the  manner  at  omiTating  a 
faaiKntal  mMion  into  aTcrticsl  motion.  C'and  B  wb  two  fixed  puU 
Ieji,  having  *  omtiniioai  cari  B  C  B  A  paning  tms  them ;  A  ia  the 
■wta^  to  be  taiaed  by  means  of  s  pova  appHed  to  the  hisucQtal  lope 
C  B.    In  this  tme  there  is  oa  medumical  advantage  gained. 

Hm  flgure  («)  reprcaenta  a  Kpieta  of  puUeja  called 
the  ^amitk  banom.  A  and  C  are  two  movable  pal- 
kfi,  and  Bia  a  fixed  pulley;  P  A  C  O  H  il  a  ocntin- 
nooa  cori  pening  ovct  the  two  moTalde  pnlleya,  hafing 
the  powa  P  U  one  extremity,  and  tlM  otha  eittem- 
ity  fixed  to  a  hook  H;  ABDEiianothaamtimupn* 
««d  paaing  over  the  fixed  pulley  B  D,  and  conneetug 
the  falocka  at  the  two  movable  pulley*  A  and  E.  Let 
P  =  inL,  then  the  cwd  P  A  C  O  H,  being  a  in^ 
oxd,  the  porticoa  P  A.  A  C,  and  G  H  wiU  each  have 
a  teMnD  of  1  lb. ;  bat  the  cord  A  B  haa  a  tenakn  of  2 
lha.,faritaaatiiiisthetecHion«af APandAa  Now, 
ABDB  being  a  tin^  ocrd,  the  oori  BD  hat  the 
same  tawca  an  the  ootd  A  B}  that  ia,  E  D  moat  na- 
tain  a  to^m  c/  2  U». ;  bat  the  onda  G  H  and  A  C 
have  each  a  t«naaon  of  t  lb. ;  theieAau  W  mnit  be  4 
Ita.,  in  order  to  pndnce  the  temnona  of  O  H,  S  D,  and  jf/g,  u. 
CA.    Henccif  Pbellb.,  Wmattbe4Ibi. 

TTie  IncHrvd  Pfane. 

41.   When  a  bone  dnw*  a  load  up  a  bin,  the  toad  fomw  an  inclined 
plane,  and  the  more  gentle  the  alope  the  moe  eeaUy  doea  the  hone  draw 
the  kauL    The  vertical  space  tbnmgh  which  the  weight  or  load  ia  raiaed 
»  the  TETtical  <^Btiiai  of  the  hill ;  but  the  actual  apace  over  which  the 
Iwne  draw*  the  load  ia  the  Inclined  aide  of  the  hill ;  tlierefoce  the  advan- 
tage gained  by  the  inclined  plane  will  be  the  nmnbs  of  times  that  the 
Iskgth  of  the  plane  i«  greater  than  iu  votical  hdght :  thus,  if  the  length 
of  the  incliDed  plane  be  double  its 
hdglit,  then  the  advantage  gained 
will  be  2  i  that  ia  to  uy,  a  wdght 
of   S   cwt.  would  only  require  a 
power  of  1  cwt.  to  draw  It  up  the 
planer  (mi^ioBmg  that  these  were 
nafrictioD.) 

Inclined   planes  tm    tmatantly 
med  fcr  roUhig  caaks  into  carta. 

The  inclined  plane^  aa  a  mechoni-  Fig,  49. 


u 
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cal  power,  ia  aln  frequently  nied  m  oofnniwtiim  viUi  iiMtow>  vtOtm* 
In  this  way  warkmen  are  eaabled  to  xaiae  heavy  fltQa9  ioto  a  evt*  as 
ahown  in  Fig.  46.  As  the  laUen  ave  dJawngaged  at  the  lower  end  of  the 
stone  they  are  put  in  at  the  t^perend;  aothat  three  or  mcce  loUeia  are 
kept  oontinuaUy  beneath  the  atone  aa  It  is  bemg  loUed  forward. 

Let  A  C  (Fig.  47)  r^reaent  an  incline^  A  B 
its  horijBontal  base,  B  C  its  vertical  height,  and 
B  A  C  its  angle  of  elevatisn.  Let  W  be  the 
weight  placed  upon  the  plane^'and  P  the  power 
of  drawing  up  this  weight,  by  meana  of  the  covd 
P  B  W  passing  fprm  the  pullqr  B  D,  the  cord 
I)  W,  in  this  case,  being  pwwQel  to  the  plana. 

To  find  the  ratio  of  the  yertical  TdoeitiM  of 

P  and  W.    Here,  while  W  moves  from  A  to  C, 

it  will  have  been  iiaaad  die  ▼ertical  hai^  B  C; 

of  the  plane,  and  the  cord  J>  W  being  shortened 

a  space  ecpial  to  A  C,  P  wiU  hsve  dfiaoepded  a 

space  equal  to  A  C,  the  length  oC  tlw  plane; 

hence  the  vdocitiea  of  P  and  W,  wtimatBd  flu  a  vertieid  dinolioiit 

be  to  each  other  as  the  length  of  the  plane  to  its  hdght;  th««fc«9  tha 

advantage  gained  will  be  fiQ«al  to  the  length  of  ^  pteae  divided  by  ita 

W     AC 
height ;  that  is,  p  ssr —.    H  for  example  A  C  =  7  feet,  and  BC« 

2  feet,  then  the  advantage  gained  wiU  be  7  -s-2  s=3i  •  that  ii  to  say,  a 
power  P  of  1  cwt.  will  sustain  a  weight  W  of  8|  cwt. 


#1^.47. 


The  Wee^ 

i6.  This  mechanical  power  is  merely  a  nunahle  mdin^d  pkme.  It  ia 
chiefly  used  in  splittmg  timber,  and  in  splitting  rocks  in  qoanies.  All 
6haip*edged  toolfl^  such  as  knives,  axes,  &c,  act  upon  the  principle  of 
the  wedge.  The  power  of  the  wedge  dqiends  upon  the  shaxpness  of 
its  edge.  ^ 

Let  ABC  represent  a  movable  inclined 
plane,  or  wedge^  sliding  along  thesui&ceH  E 
by  the  force  of  a  pressure  P  applied  to  the 
back  B  C  of  the  wedge  in  a  direction  parallel 
to  H  R;  and  let  W  be  a  heavy  rod  resting 
upon  the  inclined  side  A  C,  and  constrained 
to  move  in  a  vertical  direction.  Here  the 
weight  W  acts  vertically,  and  the  power  P 
hcrismtally.  As  the  wedge  is  being  pushed  forwaxd«  the  rod  D  W  wiU 
be  raised;  so  tbat,  while  the  wedge  has  passed  over  a  ^aee  equal  to  ita 
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loigtt  B  A,  Uw  lod  vol  liave  been  nued  tltroo^  a  qwee  eqnal  to  llie 
thjckpf  B  C  of  tbe  wedge;  that  ia,  while  the  pnmue  F  h>*  pHnd 
onr  ■  ^ac«  eqiul  to  A  B,  the  weight  W  hM  paiaed  o*q'  a  tptee  equal 
to  B  C ;  hence  the  adTant^e  gaiiud  will  be  equal  to  the  numbtt  of 
tiaieB  that  the  tliii-tn—  of  the  wedge  it  ocntsined  in  ita  length ;  thn^ 
if  the  Imgth^  B  be  S  inchea,  and  the  thiokncH  B  C  1^  inohci,  the 
adTantage  gained  will  be  9-fll=S;  that  ii  to  ear,  apreMnieof  lib. 
qqilied  to  the  head  of  the  wedge  will  jaoduce  an  upward  [iiiwiiiii.  in 
the  ^nctkn  D  W,  of  S  &». 
Hm  Fig.  49  dwwi  the  fiom  of  tbe  wedge  m  it  ii  anflojoi  in  qilit- 


a        w 


Fig.iO. 


Fif.SO. 


ting  timber,  where  C  E  ia  the  length,  D  C  the  edge,  and  Q  B  or  A7  the 
tUckneaa.  In  Fig.  60,  the  rcnatance  actiag  at  F  aiisca  fron  the  adhe- 
■on  of  the  matoial  that  is  bdng  Kplit ;  and  the  power  a^^ed  at  A  B  ia 
the  impetu*  givoi  by  the  sboke  of  a  hesTy  mnUet.  The  great  power  of 
tbe  wedg^  naed  in  thii  manner,  depends  alniaet  entirely  upon  Oa  taork, 
accumulated  in  the  mallet,  being  at  omce  ddivaed  upon  the  head  of  thu 
wedge. 

The  wedge  is  ftsqnently  employed  in  raising  hvJl 

great  weights  ta  a  short  dUtonee ;  in  such  caaea  M"  1 1 

two  wedges  are  made  to  act  together,  m  in  the  ^        "  '       ■  '   > 
annexed  figure,  where  A  B  iJ  c  and  dbac  lep- 
leaeot  two  limilar  wedgta  employed  Ibr  laidng  ^ 
the  niMs  W,  by  cimtdtanavus  etrokea  given  la      ■   a  b 

the  hettda  A  e  and  db.    It  ia  erident  that  the  pjg^  gi, 

plane  of  a  i  will  always  be  parallel  to  A  B. 


The  Screw. 


46.  In  thia  dmide  n 
U  the  iMigth  of  the  h 


in  a  circle  whoae  radiuf 
r,  wfailtt  the  weight  ttc 
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Tutofiiro  |»  MOftd  in  t  zi|^  line  hmag  the  direction  of  theazii  of 
tW  oyliiiditr  on  vhicfa  tbe  tfarcads  of  the  tetew  eie  fonned.  A  loev 
nwy  be  npvdod  «  %  movaUe  iTyliaed  plane  iJoimtd  upon  the  entee  of 
the  cylinder :  Sn:  if  we  siyppoM  erne  EerohitkMi  of  the  threed  to  be  nn* 
-wiepped.  it  will  fimn  an  inclined  plene^  in  which  the  oSfcumfevenoe  of 
the  cyMnder  will  be  the  kngCh  of  the  pln%'end  the  iiii|yrTi  between 
the  threade  the  heighl  of  the  plane. 
Let « fi  a  me  (Fiy.  62)  be  a qpiial  gvoofa  cot  upon  a  eyhnder  alUr  the 


Fig.  62. 


manner  just  deaczibed ;  C  D  the  axis  upon  which  tbe  cylinder  tmna ; 
A  B  a  rod  parallel  to  the  axia  C  D,  and  having  a  pin  or  tooth,  e,  fitting 
the  groove  of  the  screw.  Now*  when  the  handle  C  P  ia  turned  in  the 
direction  of  the  anow,  the  pin  e,  with  its  rod  A  B»  is  moved  towards  the 
right ;  so  that  in  one  revolution  the  pin  will  have  «BO¥ed  from  0  to  a,  the 
distance  between  the  threads  of  the  screw ;  and  in  the  second  revohition 
it  will  have  moved  fiom  a  to  0,  and  so  on.  The  rod  A  B  will  thus  be 
moved  in  a  icctilinear  path,  parallel  to  the  axis  CD.  In  one  revohition 
of  the  handle,  therefore^  the  power  P  will  have  passed  over  a  flpaoe  equal 
to  the  drcumferencc  of  the  circle  described  by  the  handle,  and  the  weight 
or  resistance  W  will  have  moved  over  a  space  equal  to  the  ^stance  be- 
tween the  threads  of  the  screw.  Hence  the  advantage  gained  will  be 
equal  to  the  circumibrence  of  the  drde  deeezibed  by  the  power  P  divided 
by  the  distance  between  the  threads  of  the  screw.*  Thus,  if  the  dreum- 
ference  described  by  the  handle  P  C  be  20  inches,  and  the  distance  e  a 
between  the  threads  of  #p  screw  J  inch,  then  the  advantage  of  pressure 
gained  will  be  20  -»»§e=:40  ;  that  is  to  say>  if  a  pressure  of  fiO  lbs.  be 
applied  at  P,  it  will  produce  a  pressure  of  40  times  50  lbs.,  or  2000  lbs., 
in  the  direction  A  B. 

In  the  place  of  a  single  tooth,  e,  and  the  rod,  A  B,  it  is  customary  to 
have  a  series  of  teeth,  in  the  form  of  a  reverse  or  hollow  screw,  exactly 
fitting  the  spiral  groove  formed  on  the  cylinder  or  solid  screw  C  D ;  the 
reverse  screw  thus  formed  is  called  the  nut.  In  most  applications  of  the 
screw,  the  nut  rmhrai,  whila  the  aoSd  aorBW  mfftci  in  a  hmgitadinal 
direolifln*  •  « 


The  Common  Pttu. 

ttooofh  ft  ■mH  tpML    The  MMUDott  jiMi  b  DM  of  the  auxt  nHfiil 

Fig-  £3  f^pn 
iriMK  S  8  » the  Bolid  scTClrwiiiAiBg  In 


to  Hm  tap  of  tlM  aacw,  «nd  sdmitt  of 
being  mored  vecticallT  between  the  ndM 
(f  the  fnme.  The  nhd  Mffw  S  S  it 
niM^Me  cf  ieTolviii§;  but  mores  longi- 
tmUoally,  or  in  the  diRCtiai  of  its  length; 
whoeea  the  not  n  tevolveB,  hat  dua 
not  more  hngftudinelljr,  or  in  the  diieo~ 
tinn  of  the  Kngth  of  the  aczew.  Ifat 
not  ia  tutned  bj  tncKu  of  the  lerer  P, 
which  i<  inaoted  in  the  holoi  fbrmed  on 
Ae  edge  of  the  nut.  The  material  to 
be  eomf  wed  is  [Jaccd  between  the 
pae  boerd  B  and  the  Oxed  beam  D.  n     < 

In  eme  tin*  ctf  the  lerer  P,  the  screw  "9-  **■ 

S  S,  with  ita  press  board  B,  i«  moved 

npwBid  a  qpace  equal  to  the  di«t>nce  between  the  threadg  of  the  screw. 
Hence  w«  bare  the 

tpace  deMsibed  by  P 
Advantage  gained  =-  dlrtance  between  the  thN.de. 
Thm,  If  P  «w«i^  a  dide  of  20  feet,  or  24«  iachei,  and  tbe  dittsmw 
bltwiMi  the  tt«Mdi  of  the  wrew  be  f  of  an  iniA,  then  the  aAantage 
tf  ^CMOe  gained  wiU  be  240  -^  }  a>  S30 ;  that  in,  if  a  toan  es«t  a 
l«^Hue  td  6t  lbs.  iiinn  tlM  exttemity  of  the  lever,  then  the  npwaid 
fcswge  pendooed  open  thi  pnes  beeid  will  be  330  times  56  Us.,  or 
17,i»}lba.«8tDna. 

fTAerf  Wori. 

a,  Hotum  may  be  eammnnieMcd  ftMb  one  axis  to .  another  by 
neaoa  of  oords  or  stnpe,  as  in  oaae  ihowfi  in  ilg.  M,  or  by  mean*  of 
uotbed  whedii,  as  diowB  in  Fig.  36.  If  the  toothed  whed  B  diive 
the  toothed  wbed  A,  (Fig.  64,)  then  B  ii  called  Uk  Oriver,  and  A  Ma 
JaBowtr.  Wheels  acting  in  this  manna  are  also  called  tpur  tehmb. 
fhnall  toothed  wheels  ere  called  piaiont ;  thus  B  nuy  be  called  a  ptnion 
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in  lelatitm  to  A.    Two  toothed  wheels  are  said  to  be  m  gtisr  when  their 
teeth  are  engaged  together,  and  out  of  gear  when  they  aie  separated. 

If  B  contain  15  teeth,  and  A  90,  then  B  must  turn  round  six  tunes 
in  order  that  A  may  turn  round  oooe.  Or,  genenfiy,  if  A  make  one 
revolution,  the  number  that  B  will  make  is 
found  by  dividing  the  number  of  teeth  in  A 
by  the  number  in  B.  Or,  anoe  the  number 
of  teeth  in  the  wheels  is  proportional  to  their 
radii,  the  number  of  revolutions  of  B  will  also 
be  found  by  dividing  the  radius  of  A  by  the 
radius  of  B ;  thus,  let  the  radius  of  A  be  15 
in.,  and  that  of  B  3  in.,  then  B  will  make 
five  revolutions  while  A  makes  one. 

In  the  <ratn  of  wheeh  represented  in  Fig.  55» 
the  motion  of  the  axis  Ni  S  is  transmitted  to 
three  distinct  paraUd  axes.    N,  is  the  first  ^'  ^' 

driving  wheel,  ti,  its  follower ;  N,  is  the  second  driving  wheel,  %%  its  fol- 
lower ;  and  so  on.    Let  the  number  of  teeth  in  N^ »  36,  in  ih  =  9» 


Fig.  56. 

in  X,  ss  32,  in  111  ss  8,  in  Ns  as  35,  and  in  n,  ^  7 ;  then,  while  the  axis 
of  Ni  makes  one  revolution,  the  axis  of  n^  will  make  80.  In  order  to 
prove  tfds,  suppose  the  driver  Ni  to  make  one  revolution,  then,  while  N| 
makes  one  revolution,  the  number  of  revolutions  which  nj  will  make 
sa  36  -7-  9  s=:  4.  Kow,  ss  Nt  revolves  on  the  same  axis  as  ni,  the  driver 
Nj  will  make  four  revolutions  while  X  makes  one.  In  like  manner,  Ng 
will  make  four  revolutions  while  Ns  makes  one ;  but  N«  makes  four 
revolutions  while  Ni  makes  one ;  therefore  Ks  must  make  four  times 
four  revolutions,  or  sixteen  revolutions.  In  like  manner,  n,  will  make 
five  revolutions  while  Ng  makes  one ;  but  Ns  makes  sixteen  revolutions 
while  Ni  makes  one ;  therefore  th  will  make  sixteen  times  five  revolu- 
tions, or  eighty  revolutions,  while  N]  makes  one. 

When  motion  is  to  be  transferred  from  one  axis  to  another  axis  at 
right  angles  to  it,  we  must  use  crown  wheels,  bevelled  wheels,  or  fooe 
wheels. 


WnEBh  WOBK. 
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Ckvfffn   Wheeb. 

49.  This  figme  66  sepreientB  a  ortMoi^ 
wikeel  B,  mth  its  piiikni  A,  having  thdr 
axes  at  right  angles  to  each  other.  The 
teeth  in  the  croyrj^  -wheel  are  cut  on  the 
edge  of  a  hc^qp,  and  the  pinion  is  mad^ 
thicker  than  usuaL  This  kind  of  wheel 
is  used  in  dock  and  watch  work. 


Fiff.66. 


Face  Wheel  and  Lantern. 


50.  In  Fig.  67,  F  lepresents  a  face  toheei,yrith.  its  lantern  L.  Motion 
is  here  transferred  from  a  vertical  axis  to  a  horizontal  one.  The  teeth 
inserted  into  the  iace  of  the  wheel  F  are  called  cog»t  which  are  now 
nsoaUy  made  of  iron,  while  the  round  staves  forming  the  teeth  of  the 
Isntem  are  naade  of  hard  wood ;  for  it  has  been  ascertained  that  iron 
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nmmmnii  w. 


ffUOAAJEmL 


Fig.  67. 

cogs  work  with  less  noise  and  friction  upon  wooden  staves,  than  when 
the  cogs  and  staves  are  made  of  the  same  material.  The  &ce  wheel 
snd  lantern  have  been  much  used  in  mill  work. 

Bevel  Wheels,  or  Bevel  Getxr,  , 

6i.  Let  £  B  mid  F  B  (Fig.  6S)  be 
two  axes  of  mtation,  cutting  each  other  hi 
B.  Two  right  cones  ABC  and  B  D  C, 
touching  each  other  in  the  line  B  G  C,  are 
fianned  upon  these  axes.  IftheconeBDC 
revolve  on  its  axis  £  B,  it  will  oommuni- 
cate^  by  rolling  contact,  a  rotatory  motion 
to  the  cone  ABC,  upon  its  axis  F  B. 

5 


JR^.  58. 
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In  practice,  frustra  of  the  cones  aie  employed,  as  A  C  G  J,  and 
CDHG. 

These  cones,  or  frustra  of  cones,  will  obviously  peiform  their  levolu- 
tions  in  the  same  manner  as  the  spur  wheels  in  Tig,  64. 

On  these  smooth  surfaces  of  the  frustra  a  series  of  eq[uid]stant  teeth 
may  be  cut,  directed  to  the  apex  B  of  the  cone,  so  that  a  line  passing 
from  the  apex  B  to  the  outUxifi  of  the  teeth  upon  the  bases  of  the  cones 


Fiff.  59. 

shall  touch  the  teeth  in  every  part;  bb  shown  in  the  annexed  cut, 
(Fig.  j69,)  where  B  is  the  apex  of  the  cones  B  A  C  and  B  D  C,  F  and  £ 
the  two  axes  of  the  bevel  wheeh  A  C  and  D  C,  intersecting  in  the 
apex  B. 

Wheels  cut  in  this  manner  are  called  bevel  gear.  Two  beyel  wheels 
of  this  kind  will  always  conmiunicate  motion  from  one  axis  to  another, 
provided  these  axes  intersect  each  other;  this  point  of  intersection  is 
always  made  the  apex  of  the  frustra  forming  the  bevel  wheeU. 


Rack  and  Pinion. 

62.  When  a  circular  motion  is  to  be  changed  into  a  rectilinear  one, 
the  teeth  are  cut  upon  the  edge  of  a  straight 
bar,  A  B,  (Fig.  60,)  so  that  they  may  work 
with  the  teeth  upon  the  wheel  or  pinion  P. 
The  toothed  bar  A  B  is  called  a  rack,  and  is 
constrained  to  move  in  its  rectilinear  path  by 
guides  or  rollers. 


iJlAJy 
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£3.  The  way  in  which  a  continuous  motion  is  giren  to  a  wheel  by 
meons  of  a  treadle  board  is  shown  in  Fig.  61.    c  dia&  treadle  board, 
or  B  board  that  is  moved  by  the  pressure  of  the  foot ;  the  cord  c  ae 
pasMS  over  the  pulley  a,  and  is  attached  to 
the  crank  m  0  of  the  wheel  m.    While  the 
extremity  e  dl  the  treadle  describes  a  redp- 
rocatiDg  drcttlar  modan,  the  wheel  m  re- 
volves continuously. 

64.  Fig.  62  shows  the  way  in  which  a 
£]rge  hammer  is  moved  by  the  continuous 
circular  moticm  of  a  drum  wheel  or  cylinder. 
The  cylinder  a  (see  Y\%,  62)  has  five  pecu- 
liar shaped  teeth  upon  it,  called  wipers  or 
Ugppets,  which  strike  the  extremity  of  the 

handle  of  the  >Mt«im<jr  at  suooessive  intervals.  The  hammg  b  toms 
upon  a  lever  b  0,  whose  axis  is  C ;  the  extremity  e  of  the  lever  is  de- 
pressed by  the  wipeis,  and  thus  the  hammer 
is  raised ;  but  the  moment  the  wiper  disen- 
gages itself  firam  the  lever,  the  hammer  falls 
by  its  weight,  and  strikes  the  heated  iron 
placed  upon  the  anvil  A.  In  this  case,  the 
hammfr  would  make  five  lifts  and  five 
strokes  for  every  revolution  of  the  wheeL 

In  this  mechanism,  a  oootinuoiiB  circular 
mociaa  is  CGnverted  into  an  intermittent  re- 
cq[BOcating,  or  up  and  down  motion. 

66,  Fig.  63  shows  the  way  in  which  a  continuous  dicular  motion 
may  be  converted  into  a  continuous  reciprocating,  or  back  and  forward 
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Fig.  63. 


motion,  e  is  a  whed  partially  furnished  with  teeth,  acting  on  two 
racks,  0  and  n,  placed  on  different  sides  of  it ;  the  teeth  in  these  racks 
are  alternately  engaged  by  the  teeth  of  the  wheel,  so  that  the  continuous 
circular  motion  of  the  wheel  e  gives  a  regular  back  and  forward  moticm 
to  the  rod  A  B,  placed  between  firictional  rollers. 


d2  NATUKAL   AND  feXPfiftlMBKTAL  PHILOSOPHY. 

£xZBCX8ES  OK  MeCHAIYICB. 

1.  A  body  moves  thiou^  a  space  of  540  feet;  its  velocitj  is  6  ieet 
per  second :  what  will  be  the  time  of  its  motion  ?      Ans,  H  mmutes. 

2.  A  carrier  pigeon,  flying  with  «  mufonn  ^eed  eC  16  feet  per  sec- 
ond, was  24  hours  in  pasong  from  a  stag  at  sea  to  the  land :  icqmred 
the  distance  in  miles.  Am,  245|\-  miks. 

3.  A  ball  of  7  lbs.  is  moving  with  a  velocity  of  9  feet  pa:  secood; 
and  a  ball  of  8  lbs.  moves  with  a  velocity  of  14  feet  fa  aecood :  what 
are  their  comparative  momenta  ?  An§.  3  to  2. 

4.  A  felling  body  required  7  seconds  to  reach  the  ground:  through 
what  space  did  it  fell?  Am.  7SS^  feet. 

6.  One  arm  of  a  lever  ib  44  feet  long,  and  the  other  is  6  feet :  what 
power  applied  to  the  longer  arm  will  balance  500  lbs.  at  the  shorter  arm } 

Am.  56  lbs.,  IS-j^  oz. 

6.  At  what  distance  from  the  fulcrum  of  a  lever  of  the  second  kind 
that  UB  20  feet  long,  must  a  weight  <^  112  lbs.  be  placed,  so  that  it  may 
be  sustained  by  a  power  of  50  lbs.  ?  Am.  8  feet,  llf  inches. 

7.  A  wheel  of  10  feet  diameter,  with  a  power  of  5  Ibs.^  KpIjtia^  a 
weight  of  150  lbs. ;  what  is  the  radius  of  the  axle }       Am.  2  inches. 

THE  ST£AM  BKOlKfi. 

DIFFERED  PtECEB   OF  BtGCHAMSIft   COVKBCTtel>  tTlTH  THE 

STEAU  EKon^rE. 

1.  Thxbb  ar^  a  variety  of  interesting  pieces  of  mediBhism  etnmected 
with  the  steam  engine,  which  merit  a  minute  descriptioti. 

2%e  Orank  and  Ffy  Wheel 

2.  The  crank  and  connecting  rod  are  used  fer  converting  the  recq>- 
rocating  motion  of  the  extremity  of  the  great  beam  of  the  steam  engine 
into  a  continuous  circular  motion.  When  we  turn  a  grindstone,  we 
employ  the  peculiar  motion  of  the  crank  and  connecting  rod,  where 
the  handle  of  the  grindstone  servies  the  puipose  of  the  crank,  and  the 
arm  that  of  the  connecting  rod.  The  crank,  with  its  connecting  rod 
and  fly  whed,  is  represented  in  Vig.  64.  'C  is  an  axis,  to  which  the 
fly  wheel  iF*,  or  any  other  wheel  work,  may  be  attached ;  C  D  is  a  link 
or  arm,  caBed  the  crank,  ilxed  to  the  axis  C,  and  having  a  joint  at  D,  to 
^liich  the  conHetXing  )t)e{  D  A  is  attached.  Now,  if  an  up  and  down 
motion  be  given  to  D  A,  iSie  'eictremity  D  of  the  crank  will  move  in  a 
circle,  and  thus  a  continuous  rotation  will  be  given  to  the  axis  C 
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Wlwn  the  crank  arriTes  at  tbe  pneition  C  n,  vhere  it  ii  in  tbe  same  lice 
with  the  ctnmectiDg  rod,  it  ia  aaid  to  be  in  coe  of  ita  dead  paints,  for 


ibai  tlie  pnMora  upon  the  cooneetiiig  rod  hai  no  efitet  in  turning  tbe 
crank ;  bot  in  gcnoal,  the  inertia  of  the  mactinay  and  fly  whed  F 
Guiiea  the  oank  bejiHid  the  dead  poiAta.  It  will  be  leen  that  ths 
oank  haa  to  paaa  over  two  dead  poiat*  in  tbe  caiate  of  erne  rerolutian. 
In  vrdo'  to  BToid  thia  iiTegaiaiitj  in  the  action  of  the  connecting;  lod, 
two  asnka  aie  aometiincs  ^Jaced  oa  the  aame  axis,  at  tight  angles  to 
och  othCT.  Tbe  connectiiig  rod  in  a  aleam  engine  is  usually  Utached 
to  the  eztrcmitj  E  d  the  great  beam. 

The  fly  wheel  ia  not  only  a  i^ulator  of  motion,  but  it  ia  also  an  ac- 
cnmnlatoT  of  motion.  It  nmply  conmsta  of  a  large,  heavy  wheel,  to 
which  loction  b  usually  gircn  by  a  craok ;  thua,  in  Fig.  64,  F  ia  the 
fy  NiA«a^  lendTing  upon  the  aii«  C. 

The  fly  wheel  may  be  regarded  u  a  rese-voir  of  motion,  ia  which  the 
redundant  motion  of  the  machinery  is  accumulated  when  the  work  to  be 
po&rmed  is  leas  than  the  work  applied  by  the  moring  powa,  and  from 
which  the  maclBDQry  derives  motum  when  the  work  to  be  performed  Is 
gtooer  than  tbe  ncrk  applied ;  to  that,  however  variable  the  woA  to  be 
poixmed  may  be,  the  motion  of  the  machinery  ia  alwa^  maintained 
[Ktty  neady  imifbnn. 
6» 


54  >rATritAL   AND   EXPERIMENTAL   paiLOSOPBT. 

7S<  Sun-and-planei   Wheel 

3.  This  besittiful  contrivuice  irai  employed  hj  Watt  as  «  subetitate 
tat  the  crank.  Jt  coiifisu  of  two  tootht'd  nbcela,  onE  of  which  revc^ei 
loimd  the  di-cumtcrtaice  of  the  othCT,  umewhat  Dmilw  to  the  maimet 
in  which  a  phuict  ei\d  its  eatdlite  revolve  rouiid  the  Eun  i  hence  the  nanw 
given  to  this  meclianical  combiiuttioii. 

The  toothed  uhnl  B  (Fig.  CS)  a  fixed  to  the  extrerail}-  of  the  odd. 
necting  rod  C  !<■  w  us  not  to  Le  allon'ed  to  turn  on  its  centre ;  A  is 
another  toothed  wheel,  fixed  to  the  axii  s  of  the  fly  wheel  D ;  a  link 
connects  the  centra  of  the  two  whe^  A  and  B,  and  serves  to  keep  than 
io  gear.  Now,  when  the  great  beam  has  mode  an  up  and  down  stn^ 
the  link  a  o,  connecting  the  centres  of  the  two  toothed  nheda,  will  here 
per&rmed  a  cunplete  revolution  round  the  centre  «,  czoclly  as  a  conunon 
crank  would  do;  but  ts  the  two  wheds  A  and  B  are  fixed  to  thdr  re- 
spective centres,  every  portion  in  the  circumftieni-e  of  B  will  hare  beoi 
brought  in  contact  with  the  wbed  A,  wlkioh  thus  reeebrca  a  continuous 


Fig.  65. 

ctrcular  motioa.  Assuming  the  wheels  A  and  B  to  be  equal,  then,  while 
the  cmmectiag  rod  makea  an  up  and  down  stroke,  la,  what  is  the  same 
thing,  while  the  wheel  B  makes  one  revolutkn  round  the  centre  a,  the 
wheel  A,  with  the  &y  wheel  D,  will  have  perfimned  two  revolntionB ;  for 
in  this  case  evoy  tooth  in  A  will  have  come  twice  into  contact  with  the 
teeth  on  B. 

Watfi  PartJM  Motion. 


n  cJ  the  extrtmily  of  the  gnat'b 
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into  the  ledprocfttmg  lectilineir  motian  of  the  pistoQ  rod.  It  amnstB  of 
a  frame  of  Hnk  work  aomeii'hat  in  the  form  of  a  parallel  rnler. 

The  leading  feature  of  the  cantrxvanceoB  repttsented  in  Hg.  66. 

Let  A  B  and  C  D  be  two  eqaal  lod^  ccmnected  by  Ike  'htak  D  fi, 
moving  on  their i«a|)ective  ftsed cenbtoof  tetotun  A^nd'C.   *i«t  •£  fie 


the  middle  point  of  the  connecting  link  D  B.  Now*  let  the  rods  be 
moved  to  another  position,  and  let  C  <<  e  6  A  be  thtt  new  position  of  the 
sods ;  then  the  middle  point  E  or  0  of  the  link  will  have  nearly  moved 
in  a  vertical  right  line.  For  'while^  by  this  motion,  the  eztrcmity  B  of 
the  Hivk  is  canied  to  the  left,  the  extremity  D  is  earned  to  the  right, 
and  vice  vena;  so  that  the  middle  point  £  of  the  liidL  thus  nearly  moves 
in  a  vertical  Hne. 

Let  A  K  (Fig.  67)  represent  one  half  of  the  great  beam,  turning  on 
the  centre  A ;  K  B  D  R  linkVork  in  the  ibim  of  a  parallelogram,  hav- 
ing B  K  equal  to  A  B  ;  C  D  a  rod,  called  the  rudku  rod,  turning  oiKhe 
fixed  centre  C.  Now,  the  rods  A  B  D  C  will  move  in  predsely  the  same 
manner  as  in  the  preceding  figure,  and 
therefore  the  point  E,  in  the  middle 
of  the  link  D  B,  will  very  nearly  de- 
scribe a  vertical  Hne.  But  sSnoe  the 
triangicB  A  R  X  and  A  E  B  are  sim- 
iiar,  and  as  A  K  is  the  double  of  A  B, 
the  hne  A  R^will  be  the  double  of 
A  E;  that  is,  the  point  R  will  always  • 
le-at  double  the  distance-irom  A  that  ^'  *^* 


56  NATURAL   AND   BXPSBIIIENTAL   rHILOSOFHT. 

the  point  B  is ;  and  thcrefive  the  path  deBcribed  by  R  will-fae  the  same 
as  the  path  described  by  £ ;  therefore,  if  the  point  £  moves  in  a  votical 
line,  the  point  E  ^rill  also  move  in  a  vertical  hne.  The  piston  rod  is 
atta^hH  to  the  point  R,  and  the  piston  rod  of  the  air  pmnp  to  the  point 
B ;  so  thttt  both  of  these  rods  'will  be  moved  in  a  vertical  line. 

The  Eccentric   Wheel 

6,  A  wheel  is  nid  to  be  eeeetUrie  when  it  turns  on  V  axis  which 
does  not  Ue  in  the  centre  of  the  whed.  This  important  piece  of 
mechanism  is  usually  employed  to  give  motion  to  the  sUde  valve  of 
the  steam  engine  where  the  axis  of  the  fly  wheel  is  always  the  centre 
of  motion  of  the  eooentric  wheeL  Here  A  is  the  axis  of  the  eccen- 
tric wheel,  C  being  the  centre  of  the  circle ;  a  hoop  J  K  embraces  the 
eccentric  wheel,  so  as  to  allow  the  wheel  to  revolve  fredy  within  the 
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hoop ;  a  frame  B  F  £  connects  this  hoop  with  the  extremity  F  of  the 
bent  lever  H  O  F  turning  on  the  fixed  centre  O.  Now,  when  the 
eccentric  wheel  turns  in  the  direction  of  the  arrow  of  the  figure^  the 
frame  £  I)  F  is  pushed  to  the  right,  and  the  pin  F  describes  an  arc  of  a 
circle  in  the  same  direction,  on  G  as  a  centre ;  when  the  lob  side  of  the 
eccentric  has  pa»ed  the  line  of  the  centres  of  motion  A  and  F,  the  frame 
with  the  pin  F  is  then  drawn  to  the  le£L  and  so  on ;  so  that  the  con- 
tinuous circular  motion  of  the  eccentric  Vneel  produces  a  reciprocating 
cirdttar  motion  in  the  pin  F.  This  motion  of  F  gives  a  reciprocating 
motion  to  the  rod  II  I,  to  which  is  attached  the  slide  valve  of  the  engine. 

77ie   Governor. 

• 

6.  This  is  one  of  the  most  important  regulators  of  machinery.  When 
the  speed  of  the  machinery  is  too  great,  this  contrivance  checks  the  8U}>- 
ply  of  the  moving  force ;  and,  on  the  contrary,  when  the  speed  is  too 
slow,  it  increases  that  supply.  This  simple  and  beautiful  piece  of  mech- 
anism (see  Fig.  69)  consist*  of  two  heavy  balls  £  £,  attached  to  the 
extremities  cf  the  rods  /«  £,  which  pass  through  a  slit  in  the  vertical 
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ladi  D  D»  and  turn  on  the  centre  e,  openmg  and  cktaaig  like  a  paSr  ai 
•heais.  The  Hnkfi/i^  having  joints  at /and  A,  oaniwct  the  two  rods/c 
£  with  a  ring  A  A  D»  whieh  thdes  freely  upon  the  vertical  axis  D  D,  to 
whidi  a  lotaxy  aaotum  is  given  by  means  of  a  belt  patting  round  the 


« • 


Fiff.  69. 

pulley  d.  The  lever  F  G  H,  turning  on  the  centre  O,  is  connected  with 
Ae  sMdii^  piece  orting  A  A  D  at  ihe  extremity  F,  and  has  a  link  H  w 
atMehedtotheeMnuiityH.  The  link  Hw  turns  the  axis  of  the  throttle 
Talve  Z,  which  opens  and  closes  the  port  of  the  steam  pipe  A  A  a,  pro- 
ceeding from  the  boikr  to  ihe  cMinder.  Now,  when  the  spindle  B  D 
revolves  with  an  increasing  velocity,  the  halls  £  E  flytnit  fVom  the  centre 
of  motiont  (by  the  centrifugal  force  thus  generated  ;)  the  sliding  -piecB 
or  ring  A  A  B,  wM  the  extremity  F  of  the  lever,  is  drawn  downwards. 


I 

I 

ft 

I 
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while  the  eztrenuty  H  aa  xaued,  and  the  axis  of  the  throttle  voice  Z  is 
turned  round,  so  as  to  dose  the  opening  of  the  steam  pipe^  thenby  re- 
ducing the  supply  of  steam.  The  oontrary  effect  is  produced  when  the 
velocity  of  the  qpindle  D  D  is  decreasing ;  that  is,  the  balls  fidl  towards 
the  axis  D  D,  and  the  throttle  TalVe  Z  is  turned,  so  as  to  increase  the 
supply  of  steam.  Hence  it  appears  that  when  the  speed  of  the  engine 
passes  beyond  a  certain  limit,  the  throttle  Talve  tends  to  check  the  supply 
of  the  steam,  or  moving  principle ;  while,  on  the  contrary,  when  the 
speed  of  the  engine  is  less  than  this  mean  limit,  the  throttle  valve  ia 
opened,  so  as  to  allow  a  greater  quantity  of  steam  to  pass  tfaroogh  the 
steam  pipe. 

THE   8TEAM   BOILBR  AND   ITS   APPENDAOBS. 

7. 'The  steam  boiler  is  nuide  of  thick  sheet  iron  or  copper  plates, 
riveted  strongly  together  to  resist  the  expansive  pressure  of  the  steam 
as  well  as  the  destructive  action  of  the  great  heat  which  is  applied  to 
them.    Steam  boilers  are  made  of  various  forms. '  Fig.  70  represents  a 


Fig.  70. 

longitudinal  as  wall  as  a  cross  section  of  what  is  called  the  butterly 
boiler,  which  is  much  used  in  our  manufacturing  districts ;  A  representa 
the  ash  pit,  F  F  the  furnace,  B  the  boiler,  and  H  H  the  level  of  the 
water  in  the  boiler.  The  concave  fiirm  given  to  the  bottom  of  the  boiler 
obviously  brings  a  larger  extent  of  surfisce  in  contact  with  the  flame  than 
would  take  place  if  the  bottom  were  flat. 
The  steam  boiler  has  various  appendages,  which  require  speoial  notice. 

The  Safety  Valve. 

8.  The  safety  valve  is  used  to  secure  the  boiler  from  bursting  by  the 
excessive  pressure  of  the  steam.  F^.  71  represents  Ms  ^Ifosrso^va^ 
where  A  B  is  the  lever  with  its  load  L, 
pressing  upon  the  head  of  the  valve^T, 
which  doses  the  opening  S  leading  into 
the  boiler.  By  sliding  Uie  load  L  along 
the  lever,  any  pressure  may  be  put  upon  Fig.  71. 


I 


e  Tihe  that  may  be  fnmd 
H  i;fDD  the  Lerei  enaUe  tbe 
HD  in  the  brfla. 


to  woHc  the  mgine.     llie  dhris- 
to  detenoioe  the  eliotiaty  of  the 


2%e  iSleam   Gauge. 

9.  nil  iiiB&iiman  ii  dsBgnsd  to  indicate  the  degne  at  fMuia  cf 
the  Kanii  which  ia  nxd  in  woiUiig  the  engine.  Rg,  73  rcpragiti  a 
BseuiBl  rteam  gmoge ;  A  C  D  E  !■  a  bent  tube,  opei  at  both  exbon- 
ttiHk  paMng  bom  the  Ttaad  B  ccmtaining  the  Bteam ;  O  is  a  grad< 
Dated  leak  for  indicating  the  hdght  of  the  macazj  in  the  leg  DE. 
Wbai  the  j>eaeare  of  the  steam  ia  equal  to  that  of  tlie  extonal  air,  die 
nstnrT  m  the  two  lege  C  D  and  D  E  itandi  at  the  Mine  lerel,  H  R; 
but  when  the  preaanre  of  the  steam  ia  greater  than  the  external  air,  the 
motmy  ia  deprceeed  in  tlie  leg  C  D  and  elevated  in  the  1%  D  £.  The 
acaa  of  preaBore  of  the  ateain  abore  that  of  the  atmoaphcre  b  found  bj 
obBTing  the  difleRuce  of  the  krde  of  the  metcur;  in  the  legt  D  E  and 
S  C,  aod  thu  allowmg  half  a  pciund  m  the  praiuie  of  the  Meam  on 


-^^ 


Nch  aqnaie  tndi  tar  ercr)'  inch  in  the  dlffirence  of  the  lerdi.  The  bent 
tnba  ia  frequently  made  ot  inv.  In  thii  case  a  float  F,  with  a  rod  and 
poinaer,  binasted  into  the  opm  sid  of  the  tube.  As  the  float  F  b  t«iaed 
ri  itptiaaul  with  the  menury,  the  pointa  b  made  to  indicate  the  diffio-- 
oieaef  tlMlefdsof  themaKuryintbetwolegaof  theio  ' 
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Hie  Water  Gfauge, 

10.  Tliis  limplj  oonasts  of  a  bent  glass  tube  A  D  C  B» 
(Fig.  73,)  where  one  extremity  A  enters  the  boikr  above 
the  proper  lerel  H  R  of  the  water,  and  the  other  extrem- 
ity B  enten  below  the  proper  leveL  Ab  the  water  must 
stand  at  the  aame  lerel  in  the  glass  tube  D  Q  that  it  does 
in  the  boiler,  the  eye  of  the  engineer  will  at  oswe  see  whiifk 
dqith  of  water  is  in  the  boiler.  Anothwr  kind  of  water 
gauge  is  explained  in  the  genosal  descwplion.  of  the  steam 
engiae. 

The  Water  Begviator. 

11.  In  the  steam  engine  it  is  espeoiaUy  neoeBmry  that  tibe  watei  ia 
the  boiler  should  be  constantly  kept  at  the  same  Wsl,  so  that  as  the 
water  b  being  evaporated  in  the  boiler  fresh  water  should  at  the  aame 
time  be  admitted  to  supply  the  waste  thus  oreoled.  Fig.  74  reptessots  « 
portion  of  the  boiler  A,  with  A  B  a  pqia 

proceeding  from  the  cistern  B  to  supply  the 
boiler  with  water  as  it  may  be  required;  F 
is  a  stone  float  suspended  by  the  rod  F  C 
passing  through  the  stuffing  box  8 ;  this  rod 
is  attached  to  the  extremity  C  of  the  lever 
C  F  turning  upon  the  fiilcmm  or  centre  B . 
V  is  a  valve  opening  and  dosing  the  top  of 
the  pipe  A  B,  and  attached  to  the  point  E 
of  Uie  lever  C  F ;  F  is  a  comiterpoise  which 
aids  in  depressing  the  valve  V.  Now,  when 
the  water  in  the  boiler  descends  below  its 
proper  level,  the  float  F  also  descends,  and  ^=^ 
by  depressing  the  extremity  C  of  the  lever 
elevates  the  valve  Y,  and  thus  aUows  the 


Fig.  74. 


water  to  flow  into  the  boiler  as  requiied.  On  the  contrary,  as  the  water 
rises  in  the  boiler  the  float  F  also  rises,  and  by  elevating  the  extremity  C 
of  the  lever  depressfls  the  valTe  V,  and  thus  stops  the  flew  of  water  into 
the  bailer ;  thus  a  cartain  mean  guaatity  of  iQiler  ia  alwayansintaiaed 
in  the  boiler. 

The  Self'4'egulatm0  Damper. 

12.  The  rate  at  which  steam  is  generated  in  the  boiler  should  be  equal 
to  the  rate  at  which  it  is  consumed  in  the  cylinder ;  or,  what  is  the  same 
thing,  the  steam  in  the  boiler  should  be  maintained  at  a  constant  pres- 
sure.   In  order  to  eflfect  this,  some  connection  must  be  formed  between 
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the  pnmie  of  the  atemi  in  the  boiler  and  the  heat  of  the  funiac^  tdnco 

(he  [BCHure  of  tbe  me  depends  upon  the  heat  of  the  other.     This  hw 

bem  lerrittiWted  by  the  fiiDowing  contrivance :  ^.  7fi,  B  A  is  ■  tube 

daemding  n«ail J  to  the  bottom  of  the  bcrils  A;  F  is  a  flMt  impended 

bj  ■  chain  P  Q  I>  poiing  orer  the  pulleys 

P  Kod  Q;    D  b  a   damper  acting  a*  a  Q 

CDuntopciae  to  Ihe  float,  and  opening  v 

ckaSngi  m  die  can  may  b^  QA  mouth  of 

tfaa  fine  It,  mad  tha«by  incicaiing  or  Se- 

craang  -the  diaa^  (rf  air  through  the 

Sk  K.    Kow,  the  Icrel  F  of  the  « 


upon  thepwwuto  ^J 
a  A;  but  the  float  ^^X 


Fig.  76. 


it  the  tteam  mi  the  boUei  A 

F  nn  and  ftSavith  the  water  In  the  tube    ^ 

A  B,  and  at  tl^  float  rises  the  damper  D  *^'\^ 
Aaoaida,  aod  na>  cersa;  so  that,  when 
dte  |>^anre  otf  the  steam  in  the  boils  ex- 
ceeds ita  {aoper  Umit,  the  wato'  in  the 
tube  A  B,  togetho'  with  the  float  F, 
aKcnda,  and  then  the  damper  D  descotds  and  clean  the  mouth  of  the 
flue,  Ibcteby  leAidng  the  intensity  of  the  beat  of  the  ftnnace,  and  check- 
ing tbe  fojtber  genoMlon  of  eteam.  On  the  contrary,  when  the  prea- 
nnc  of  tbe  steam  falls  bdow  Its  propei  limit,  Ac  water  in  the  tube,  with 
the  float,  descends,  tbe  danqwr  "D  is  raised,  and  an  inoeaae  dt  draught 
ii  ^Ttn  to  tbe  ftimace^  which  produces  a  more  rapid  gi 
siiil  iniaiijiiriiilj  with  ai 


&tro  Sngiat. 

].  ^wfint  steam  engbw  was  invented  by 

Q3BoctfAleunUa,r!0B.C.  Xtnowftnna 

me  of  ran  pRCS«n  [Ukaoidiieal  ttTS.    Tbis 

(tipne  is  i«;««itn(td  in  Fig.  7S :  A  it  a  bd- 

tteiil  axis  a;  B  &,  ltc<,  are  ftmr  hotisantd 
btbeabafbigdidtaclerier  orifice  bent  in  the 


dwsatarMJhstam  iMiifl*  fccn  then  <ai 
Boea,  and  cauaea  tbe  globe  to  ntote  upon  it 
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Fig.  11. 


Savery's  Engine. 

2.  This  engine  was  used  kg  zaiaing  water  iiom  deep  mines.  The 
principle  on  which  it  acts  may  be  explained  as  followB :  Fig.  77,  C  ia  a 
large  cylindrical  vessel,  called  the  receiver,  into  which  steam  enters  by 
the  steam  pipe  S,  communicating  with  a  strong  boiler,  called  the 
boiler  t  whoe  steam  at  a  high  pressure  is  generat- 
ed ;  the  steam  pipe  S  has  a  cock  a,  called  4^  tteam 
cock,  wbich  opens  and  closes  the  communica^n 
of  the  receiver  with  the  steam  boiler ;  I  is  <A0  w- 
jeetion  pipe,  which  conveys  a  jet  of  cold  water 
into  the  interior  of  the  recdver  for  the  poxpose  of 
condensing  the  steam ;  this  pipe  has  abo  a  cock  6, 
caUed  the  infection  cock;  these  two  cocks  a  and  h 
are  turned  by  the  same  handle  A,  so  that  when  6 
is  open  a  is  dosed,  and  vice  versa  ;  F  is  a  pipe  de- 
scending into  the  water  which  is  to  be  raised;  at 
the  top  of  this  pipe  is  the  valve  Y,  lifting  up- 
wards ;  E  D  is  a  pipe  prooeeding  from  the  bottom 
of  the  receiver  to  the  dstein,  into  which  the  water 
is  to  be  discharged ;  in  this  pipe  is  placed  the  valve  V  lifting  upwards* 

To  work  the  engine,  the  steam  cock  a  is  opened  and  h  is  shut ;  then 
the  steam,  rushing  along  the  steam  pipe  S,  enten  the  receiver  C,  and 
drives  the  air  out  of  it  through  the  vdve  v.  When  the  receiver  is  fiEed 
with  steam,  the  steam  cock  a  is  closed,  and  at  the  same  time  the  ix\)ee- 
tion  cock  h  is  opened ;  then  the  jet  of  cold  water  prooeeding  from  the 
injection  pipe  instantly  condenses  the  steam  in  the  receiver,  and  a  vacuum 
is  fonned.  The  preasuie  of  the  atmoq;>here  on  the  suzftoe  of  the  water 
in  the  well  or  pit  fcrces  the  water  up  the  pipe  F,  and  nearly  fills  the 
receiver.  The  engineer  now  lays  hold  of  the  handle  A  and  opens  the 
steam  cock  a,  at  the  same  time  that  he  doees  the  iz^jectian  cock  6.  Hie 
steam  again  enters  the  receiver,  and  by  its  great  elastic  pressure  exerted 
upon  the  surface  of  the  water  farces  the  water  throue^  the  valve  v,  xs^ 
the  pipe  E  D,  to  the  top  of  the  pit  or  mine.  In  the  same  manner  the 
engine  is  made  to  perform  any  number  of  strokes. 

The  defects  of  this  engine  are  as  foUows :  1.  It  is  limited  in  its  appli- 
cation to  the  raising  of  water ;  2.  There  is  a  great  loss  of  power  at  each 
suooessive  lift,  occasianed  by  the  steam  coming  in  contact  with  the  cold 
water  in  the  receiver. 

Neweamen's  Engine  with  the  Orcmk  and  Fhf  WhetL 

8.  This  engine  was  a  great  improvement  tqxm  Savery's.  Ita  leading 
liBatnzeB  are  represented  in  Fig.  78.  C  is  the  boiler,  oommunicating  with 
the  cylinder  E  by  means  of  the  steam  pipe  S;  P  is  the  piston  sod,  eon- 


THB  stejlm  ntontx. 


nected  witli  •  KJid  puton,  wMcIi  wtAa  Bteun  tizlit  in  tUi  cylmder ;  the 
rod  P  of  the  piMai  it  connecUd  with  the  chan  whkb  dob  round  the 
archied  had  a  iof  the  gieat  beam  L  L  ;  k>  that  M  the  piston  detcai^ 
the  extremity  of  the  gnat  beam  ii  diawn  down,  and  it  the  nine  time 
the  fiMon  nid  doee  not  deviate  hom  ill  vertical  {Maitka ;  O  i*  a  dit<n 
of  eold  ynxa  called  lit  i^fectiim  cuterm  ;  from  thif  deaceod*  the  siyec- 
tioa  pqw  a  I  K,  (IOC  aba  Ti^.  79,)  which 
cntoi  the  bottom  of  the  cfisAex :  K  ii  M* 
iiVectiim  eodif  at  the  opponte  dde  of  the 
e  jGnder  thcR  ia  «  latoal  pqie,  tummg  op- 
wndt  «t  the  extitniit7,  baving  a  valve  N, 
esDed  ttu  mifiing  eofa*,  Ufting  npwardi:  Q  . 
ii  d«  oAkMm  pi(M,  ftr  diawing  <]fi' the  w 
fenud  in  the  cj&DAa ;  the  ertnnut;  D  ol  ^ 
thii  p^  ii  imated  in  a  vcaelof  widei.  and  has 
ita  orifice  dmed  by  p  valve  lifting  oatwardL  - 
What  the  engine  ii  lequiied  to  be  pnt  in 
KtiOD,  —  let  na  mppoae  thrt  the  jrisKm  P  ii 
drawn  to  the  top  cf  the  cyhndcr,  —  the  (team  j^_  ^_ 
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oock  S  18  openedt  and  the  injectSoii  oock  K  is  closed ;  then  the  8teBm» 
haying  a  prasure  a  little  above  that  of  the  tfbnosidiere^  flows  from  the 
boiler  into  the  cylinder»  and  dnves  oat  the  air  through  the  anilting  valve 
N.  When  the  cylinder  is  completely  iUled  with  steam^  the  steam  oock 
8  is  dosed,  and  the  ix^jection  cock  K  is  opened ;  then  a  jet  of  cold  water 
18  thrown  into  the  eylinder»  which  instantly  condenses  the  steam;  a 
vacuum  being  thus  formed,  the  pressure  of  the  abnosphere  upon  the  tnp 
of  the  piston  causes  it  to  descend.  When  the  piston  haa  axxived  at  the 
bottom  of  the  cylinder,  the  steam  oock  S  is  again  opened,  and  the 
uyection  cock  K  doaed;  then  the  steam  again  enters  the  cylinder^ 
blows  out,  as  befcN^  any  air  that  may  have  gol  in,  and  forces  the  water 
loimed  in  the  cylinder  by  the  oonflensation  of  the  ataam  down  the  edue- 
tion  pipe  Q;  this  water  eseapea  by  the  vahre  D  uito  the  dstcm;  the 
steam  beneath  the  piston  now  halancca  the  pMawse  el  the  external  air, 
and  a  oountefpoiae  at  the  oppoaita  end  olthe  gMt  beam  raises  th^iston 
in  the  cylinder.  But  in  the  engine  rcptcsciited  oy  Fig.  78  this  is  orected 
by  the  momentiua  of  the  fly  whed  Q  Q.  In  lite  same  manner  any 
number  of  strokes  are  jjjeiiuiuied. 

In  this  engine  tW  pressure  of  the  atnuspbere  i^the  s»dng  power,  the 
steam  being  mesBly  employed  to  fim  ibm  laeuiai  httMdi  the  pistan. 
With  the  crttik  end  fly  wfaed  this  eaglM  wig  amjfoyed  as  a  prime 
mover  of  machinery  generally,  and  the  whole  of  its  pavfls  were  made 
self-acting  by  Bdghton  and  Shneaton.  Its  delscts  are  as  ioUows^:  1.  The 
want  of  uniftrmity  in  the  action  of  the  moving  power ;  9.  The  kss  of 
power,  at  every  upward  stroke  of  the  piston,  from  the  condensation  of 
steam  by  the  cold  cylinder^  ftr  it  wQl  be  observed  that  at  evcay  down- 
ward stroke  the  cylinder  had  to  be  cooled  down  by  the  ii^txm  water. 
These  deftcts  are  oompletdy  remedied  in  Watt's  dDiiblB>*acting  enginca» 
by  introducing  a  separate  vessd,  called  the  oondenasr,  whae  the  steam, 
is  condenaed,  and  by  naing  the  stesm  not  merely  to  fcnn  ar  vaoMim,  but 
also  to  move  the  piston  up  and  down  by  ita  clastie  pseanne* 

WaU's  Engine. 

4.  TTie  first  engine  constructed  by  Watt  was  what  is  called  Oie  «t- 
mospheric  engine,  which  only  Offered  in  principle  froiA  Newcomen's  by 
having  the  steam  condensed  in  a  vessd  separate  from  the  cylinder.  He 
afterwards  employed  the  steam  to  produce  an  upward  as  well  as  a  down- 
ward stroke,  and  from  tins  drcumstanco  the  engine  has  been  called  the 
double-acting  condensing  engine.  This  new  principle  required  that  the 
piston  rod  should  be  connected  with  the  extremity  of  ^  the  great  beam  in 
such  a  manner  that  the  motion  of  the  piston  should  be  oommnnicated  tio 
the  beam  in  both  directions  of  the  strofce.    This  led  to  the  inventkm  of 
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the  panlld  motion  described  at  page  55  of  this  ymxk.  Various  other 
mwhanifal  artifioes  woe  also  introduced  by  him,  to  render  the  machine 
pofect  in  all  its  parts ;  such  as  the  contrivances  for  lifting  the  valves  so 
as  to  distribute  the  steam  above  and  below  the  piston. 

HIGH  AND  LOW  FRES8URE   ENGINES. 

Stem  engineB  are  of  two  kinds — the  hMh  preamrB  or  non-condeosing 
agine^  and  the  &>t9  ^•vtnffv  or  condensing  engine.  Inthe  high  pre»§ure 
M^me,  after  the  steam  has  been  admitted  to  the  cylinder  to  press  on  one 
■de  of  the  piston/ibccing  it  up  or  down  aooordSng  as  it  enten  from  below 
cr  above^  it  escapea  by  a  tube  into  the  open  air.  Hie  resistance  of  the 
atmof|iiiere  to  tlie  issue  of  the  steam  diminishes  the  wotking  force  of  the 
piston.  In  the  hw  pnuun  enffine,  the  escape  pipe^  instead  of  opening 
iDto  the  atr»  m  oooducted  into  a  vessel  called  the  eondemer,  into  which 
cold  water  la  oooatantly  running  to  condense  the  steam.  Hence,  as  the 
interior  of  the  low  pressure  engine  is  kept  in  a  state  of  vaeuumt  except 
where  the  ateam  is  acting,  thq^is  no  loss  of  power  by  atmo^heric  re- 
■stanoe ;  and  oonaeqnently  aflper  preesure  of  steam  is  required  to  pro- 
duce an  effect  equal  to  that  of  the  high  pressure  engine. 

As  all  the  condensing  apparatus  is  dispensed  with  in  the  high  pressure 
engine^  it  oooiqaes  less  spacer  is  much  less  compHcatedt  and  is  therefine 
used  on  ndlioads  to  looomotivQB. 

TALYE8  FOR  REGULATING  THE  DISTRIBUTION  OF  THE 
STEAM  THROUGH  THE   CYLINDER. 

5.  There  are  various  contrivances  now  in  nae  for  regulating  the  dis- 
tribution of  the  steam.  In  the  engines  constructed  by  Watt,  the  valves 
were  opened  and  closed  by  means  of  pins,  or  t^ypets,  fixed  to  an  oscil- 
lating rod»  called  the  plug  tree,  attached  to  the  great  beam  of  the  engine. 
In  engines  of  moderate  power,  much  more  simple  contrivances  have  been 
adopted,  such  as  the  slide  valve,  the  D  valve,  and  the  four-way  oock. 

•     Slide  Valves,  S^e. 

6.  Locomotive  Bngi$ie,  with  the  common  SUde  Valve,  Fig.  81  repre- 
sents the  common  slide,  with  its  relation  to  the  other  parts  of  the  engine, 
a»  commonly  used  in  our  locomotives.  Here  P  is  the  piston,  moving^in 
the  cylinder  C,  which  in  a  locomotive  engine  lies  in  a  horizontal  position ; 
C  D  is  the  piston  rod  passing  through  tlie  stuffing  box  K ;  D  E  is  the 
connecting  rod,  being  connected  with  the  piston  rod  by  a  joint  at  D ;  £ 
1?  is  the  crank  attached  to  the  axle  F  of  the  driving  wheel  of  the  car- 
nage.   The  affect  of  this  mechanical  anangement  is,  that  whilst  the 
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jAtton  moTM  backinadg  and  forwndi  in  tbe  cylinder,  &c  ei 
rod  toid  emtk  tmmiil  Ah  nMtion,  M  u  to  give  ft  nii«t(i7ffli>tkftMttB 
axle  of  tb*  drMag  wAedt,  which  morei 
the  cBrhage  furv'aid  en  the  niL  W* 
have  now  to  conndcr  ■  dininct  piece  of 
mechBuiim  Ibr  noving  the  ilide  tsItc  up 
and  down  in  the  tltam  box  A  B,  k>  ni  to 
n^ulate  the  ^SRTilnititin  of  tba  iteam  in 
Iti  poBsn^  into  the  cylinder.  The  motion 
of  the  flUde  vatTc  muEt  be  go  a^josted  that 
when  the  piston  b  aMcndlng,  the  Meant 
muet  be  Altering  the  unds  part  of  the 
cylinder,  while  the  Kteflm  above  the  piston 
ia  allowed  to  escape  Into  the  atmospberet 
as  in  the  case  of  a  high  premait  engine; 
or  allowed  to  paft  into  the  condenser  in 
.  a  condensing  engine ; 


inuM  be  entering  the  upper  .part  o< 
cylinder,  while  the  steam  below  the  piston 
ia  allowed  to  eacape  Into  the  liaui^bat, 


Fiff.  BS.  F^.  U. 


Fig.ai. 


Fig.ai. 


or  the  condeiuer,  aa  the  case  may  be.  In  Kg.  81%  5  is  M«  ileam  box, 
which  ia  kept  constantly  filled  with  steam  by  the  steam  pipe  S,  proceed' 
ing  fi«m  the  boiler ;  lie  tUde  vatvt  ti  moved  np  and  down  by  the  rod  R 
U  pawing  thiougb  a  staffing  box  R ;  a  (s  the  upper  steam  port  or  orifice 
leading  into  the  top  of  the  cylinder,  and  e  ia  the  lowta-  steam  pcoi ;  es- 
aMj  between  these  potti  is  an  opening  c,  which  oondacts  the  steam  into 
the  cottdenas,  otr  the  aOnosphere,  as  the  case  may  be ;  O  is  an  eecentrio 
wheel,  which  turns  upon  die  azte  F  as  a  centre  of  motioa ;  Q  ft  is  the 
eccentric  tod  attached  to  tho  eitranity  of  the  leter  k  H,  turning  aa  the 
fLwd  centre  I )  the  eKtremity  H  of  this  lent  is  tttachtd  to  the  rad  ef 
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llw  dide  TalTe»  so  that  when  the  piston  P  is  asoending*  the  slide  ywlye  is 
iVsrrnding.  and  vice  verm.  The  slide  tahe  is  a  piece  of  metal  hollowed 
on  ooe  face^  and  made  to  oonnect  two  of  the  openings,  a  e  a,  on  the  side 
of  the  cylinder,  at  one  time.  Fig.  84  shows  a  separate  longitudinal  sec- 
tion of  the  valve,  and  Fig.  83  shows  a  view  of  its  hollowed  face.  This 
fi»e  fies  flat  against  the  side  of  the  eyluider,  so  that  the  steam,  in  the 
sCeani  hooc*  cannot  poas  heneath  the  face  of  the  valve. 

In  Fig.  81  the  piston  F  Is  supposed  to  be  asceadingt  and  the  steam  is 
paisiini^  through  the  lower  port  e  into  the  under  part  of  the  cylinder,  at 
the  same  time  the  steam  is  passing  fiom  the  upper  part  of  the  cyHlider 
tfaraogli  the  upper  port  a,  and  is  dischaiged  through  the  centre  port  c. 
When  the  piston  has  per&nned  an  upwsvd  stroke^  and  begins  to  descend* 
aa  in  Fig.  82,  the  valve  has  made  a  dawAwsrd  stroika,  and  now  connects 
the  loiwer  steam  port  e  with  the  eentre  port  c^  leaving  the  upper  port  a 
open  fat  the  steam  to  enter  the  upper  part  of  the  cylinder ;  and  so  on  to 
any  number  of  strokes. 

In  practice  it  is  customary  to  hsv?  the  motion  of  the  vahre  so  adjusted 
that  the  steam  port  may  be  slightly  open  when  the  piston  has  completed 
its  stroke.  The  small  ^pact  tlWi  open  la  cafied  the  lead  of  the  vahre. 
TfasB  lead  aUowa  time  ftr  the  steam  to  enter  the  cylinder,  so  aa  to  prepare 
ftr  the  succeeding  stroke  of  the  pistODt 


ne  D  Vahe. 

7.  FigSw  87  and  88  icpresent  sections  of  this  valve  at  different  po- 
sitionaQf  the  piston. 

Fig.  85  represents  a  longitadinal  section  of  the  valve  itseSl  O 
IS  thevalverod  working  through  the  stuffing  box;  Bisan  open- 
ing passing  thRxi^  the  valve,  of  which  a  transverse  or  cross  seo- 
tion  is  shown  in  Fig.  86 ;  S  is  the  hoUow  in  the  valve  through 
*wliich  the  steam  passes  to  the  top  or  bottom  of  the  cylinder,  as 
the  case  may  be ;  a  6,  in  Fig.  86,  is  the  packing  at  the  back  of 
the  valve,  which  works  steamtight  against  the  valve  box.  This 
ii  called  the  D  vahre,  from  the  form  of  the  cron  section,  shown 
in  ^.  86. 

la  the  position  of  the  vahre  shown  in  Fig.  88,  the  steam 
pBMBigtfaiough  the  hollow  of  the  valve  enters  the  lower  pait 
of  the  eylix&der  through  the  pottD,whae  at  the  same  time 
thesteam  hi  the  upper  part  of  the  cylinder  escapes  through  "^  g^^ 
the  pert  F,  ssid,  descwadmg  through  the  kmgitudhisl  openmg 
B  in  tiie  valve^  enters  the  eduction  pipe  e  leadhig  to  the  eon- 
driMwr,  Fig.  87  represents  an  intermediate  poaitioa  of  the 
vthe.  The  valve  is  moved  by  an  ecoextric,  pvedady  hi  the 
same  manner  as  described  at  page  66. 
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ne  Four^uiag  Coeh 

8.  ngk  89  and  BO  tqaaoit  thii  nmple  mode  of  diitribnting  tba 
Mam.    S,  B,  C,  T  ue  Ibnr  tnln ;   S  cnaimimiotw  with  the  tUam 


Fig.%9. 


Fig.  in. 


pipe  ptoceeibig  from  the  Iraler ;  C  lesdn  into  the  eoa&aiaa,  ttt  to  the 
cxteniBl  air,  accordiiig  u  the  ec^ne  is  b  condenaing  »t  a  high  pmure 
unc ;  B  l(«d»  to  the  bottom  of  the  c7Uiuler,  and  T  to  the  top  of  it. 
Theae  four  tube*  enter  a  cock  which  has  two  cnrrod  pMaagea  leading 
through  it,  u  abown  in  the  figui«i.  These  pMsagea  are  cut  in  luch  a 
numner  that  by  turning  the  cot^  the;  maf  be  made  to  open  a  commU' 
nication  between  anj  two  adjacent  tubes.  In  the  postian  of  the  oock 
•bown  in  Kg.  SOi  the  steam  is  ponng  through  the  tube  B  to  the  bottoa 
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ktf  ■Butt  tiai0  tJw  itfMm  fa  iflHlaff  fext  tfc4  toodf 


[n  FSg.  B9  the  cock  liai  perfinmad  a  qtuits  of  ■  RToIutka : 
k  DOW  paniiiK  tlirough  tb«  tube  T  to  the  top  (tf  the  cylinder ; 
le  tune  the  itmm  is  jmouib  ftmn  the  bottom  of  tb*  ojrlinds 
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through  the  tnbe  B,  into  the  tuhe  C  leBdaig  to  the  oondenser.  The 
eccentric  is  uiually  employed  to  move  the  cock  after  the  maimer  de- 
scribed* 

OENEBAL   VIEW   OF  A  DOUBLS-ACTINO   COKDEN8INO 
BNOINE,  WITH  THE  FOUB-WAT   COCK. 

0.  The  Mteam  boiler  and  its  appendages  are  represented  in  Fig.  91. 
Here  F  is  the  furnace ;  B  B  the  water  in  the  boiler ;  WW  the  space 
occi^pied  by  the  steam ;  Q  is  the  steam  pipe  which  conduets  the  stean  to 
the  cylinder ;  eabw  the  safety  ytlYe,  (see  page  68  ;)  O  Y  the  pq>e  of 
the  water  regulator,  S  bemg  the  float,  ftc,  (see  page  69  ;)  t  a  pipc^  pro- 
ceeding from  the  hot  water  well,  which  supplies  the  boiler  with  water ; 
e  and  c'  are  the  water  gauges ;  the  ibnner,  e,  is  called  tke  water  eoekt  be- 
cause it  communicates  with  the  water  in  the  boiler,  whereas  e^  is  cafied 
the  eieam  eoek^  because  it  communicates  with  the  steam  in  the  boiler. 
When  the  water  in  the  boiler  stands  at  a  proper  level,  upon  opening  the 
two  cocks,  water  will  issue  ftom  the  water  cock  e,  and  steam  from  the 
steam  cock  «'  ,•  but  if  the  boiler  contains  too.  little  water,  the  steam  will 

^ianie  from  both  cocks ;  <  <  is  another  fiam  of  the  water  gauge,  (see 

*  page  60.) 

The  engine^  with  its  rarious  parts,  is  represented  in  Fig.  92.  Here 
B  F  is  the  great  beam  turning  oEu  the  centre  A ;  B  K  the  paralld.  mo- 
tion, (see  page  b5\)  E  P  the  piston  rod,  attached  to  the  piston  P ;  C  the 
cylinder;  S  the  steam  pipe  transmitting  steam  through  the  four-way 
cock  to  the  top  and  bottom  of  the  cylindGr«  as  explained  at  page  68 ;  J 
is  the  condenser,  and  O  the  air  pump,  suzrounded  by  the  cold  wat^  in 
the  cold  water  well  L  L ;  W  is  the  hot  water  weD,  from  which  water  ia 
pumped  through  the  pipe  1 1  to  the  resemnr  Y,  which  supplies  the  boiler 
with  hot  water  as  it  is  required ;  N,  the  rod  working  this  pump^  is  at- 
tached to  the  great  beam ;  M  is  another  rod,  attached  to  the  great  beam, 
Avorking  the  pomp  S,  which  supplies  the  cold  water  well  with  a  constant 
stream  of  cold  water ;  F  R  is  the  connecting  rod  and  crank,  giving  a 
rotatory  motion  to  the  fly  wheel  H  H,  (see  page  63 ;)  the  eccentric,  fixed 
to  the  axle  of  the  crank,  as  shown  in  the  figure^  works  the  lour- way 
cock,  as  explained  at  page  66,  ftc ;  O  is  the  gorenior,  regulating  thie 
supply  of  steam  to  the  cylinder,  as  explained  at  page  67,  Ac 


HYDROSTATICS  AND  HYDRAULICS. 

1.  Htdbostatics  b  that  part  of  Nataral  Fhilosophj  which 
treats  of  the  weight  and  pressure  of  liquidB  in  a  state  of  rest ; 
aad  Htdbaulics  treats  of  liquids  in  a  state  of  motion. 

2.  Fhdd  hodim  difir  from  folids  in  readily  yiekUiig  to  my  pnanire 
mppHgd  to  than*  and  in  thdr  tendency  to  Jhm  thnmgh  any  channel. 
SoKda  tend  towaide  the  earth  in  maHesor  hnnpe ;  whereat  every  particle 
compoaiug  a  flioid  is  sepentely  acted  i^on  hy  the  farce  of  gnnrity.  This 
pemliar  ytuyaiy  of  fluids  depends  upon  the  "very  slight  fiooe  of  cohesion 
sphwatingbetwetti  their  partiito,  which  allowB  them  to  have  a  free  motifln 
aimmgrt  themaelTeB.  Water  and  air  are  the  most  frmiliar  esamples  of 
fluid  hoffifls. 

S.  Snbtances  diflhr  Tay  modi  in  their  degree  of  fluidity,  or  tendency 
to  flow ;  tims.  water  and  spiztlB  are  more  fluid  than  oil  or  tar,  and  airs 
have  a  higher  degree  of  fluidity  than  water.  Ufuida^  such  as 
r,  may  be  poured  fimn  one  vessel  to  another ;  but  airs  or  gases  are 
ao  fjsariff,  that  they  cannot  be  kept  in  open  vessels.  Thus  the  particles 
of  Bquids  an  hdd  together  by  a  slight  force  of  cohesion ;  whereas  the 
pvtides  of  airs  repd  each  other,  or  have  a  tendency  to  fly  away  from 
each  odicr.  The  little  globules  of  dew  often  seen  on  the  leaves  of  plants 
show  that  the  particles  <tf  water  have  a  greater  attraction  lor  each  other 
tiian  they  have  for  the  leot  A  dry  needle,  gently  placed  upon  the  sur- 
flwe  of  stiU  water,  will  float,  in  consequence  of  its  weight  not  being  suf- 
flcieat  to  break  the  cohesion  <tf  the  fluid  partides  on  the  sur&oe. 

4.  Maseovei,  whilst  gases  admit  of  being  reduced  in  bulk  by  a  finoe 
of  easnprBSBiont  hquds  can  scarcely  be  compressed  at  alL 
Urns,  let  us  aoppose  that  P  is  a  pistcn,  or  plug,  exactly 
fltta%  the  amooth  ftce  of  a  cylinder  A  B  G  D,  and  first 
letthespaceABCD  beneath  the  piston  be  fiUedwith 
oommon  air ;  then  a  flsce  of  pressure  applied  to  the  handle 
win  cause  the  piston  to  descend,  and  thereby  to  compress 
the  air  beneath  it ;  but  the  instant  this  pronure  is  with- 
drawn, the  air,  by  its  elasticity,  raises  the  piston,  and  re- 
gaina  its  original  bulk ;  hence,  %ir  is  called  an  dastic 
fluid.  Agafait  let  the  space  A  B  C  D  beneath  the  pistaa 
be  filled  vrith  water;  then,  however  great  the  pressure  o| 
^plied  to  the  handle  may  bei  the  water  beneath  the  piston 
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Will  not  be  seDsibly  altered  in  its  bulk,  fience^  water  and  oCfacr  fiq^nidi 
are  called  non-elastic  *  fluids. 

5.  Three  bws  obtain  in  rUerence  to  fluid  bodies :  — 
Firit.  The  surface  of  still  water  is  always  horiaontal  or 

level.  Second.  Fluids  transfkiit  pressure  equally  in  dl  direo 
tions.  Third.  The  pressure  of  water  is  in  propoztion  to  its 
depth. 

6.  The  surface  of  still  water  is  always  level. 

Whatever  may  be  the  shape  «f  «  mass  iof  water*  its  jorte^  it  «& 
parts,  will  stand  at  the  same  lerd  or  height  Thaa,  in  £%.  %  Ai^k^ 
sents  a  yflseel  containing  water,  a  ea  bait  pipe 
proceeding  fnm  the  lower  part  of  this  veaiel; 
now,  the  water  in  A  and  the  water  in  a,  haivaog 
a  ooaummioatioa  with  each  other,  stand  at  the 
same  level,  h  z.  Jn  the  coounon  teapot,  the 
liquid  in  the  pot  will  always  be  at  the  same 
level  with  that  which  is  in  the  spout.  Work- 
men express  tins  property  by  saying  that  *•  water  always  finds  its  knreL' 
On  this  principle,  pipes  are  used  to  convey  water  fiom  one  phoe  to 
another,  however  uneven  the  suifkoe  of  the  ground  between  the  plaeeB 
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may  be.    Towns  and  dties  are  thus  supplied  with  water  fiom 
springs.    In  Fig.  3,  S  represents  a  qnring  or  fountain,  A  B  C  a 
conveying  water  fiom  it  to  a  house ;  now,  although  this  pipe  may 


*  This  is  not  strictly  true,  because,  under  a  pressure  of  15  lbs.  per  square 
inch,  water  is  reduced  about  the  22,000th  part  of  its  bulk ;  however,  for  all 
ordinary  pressures,  water  may  be  practically  regarded  as  non^elastic 
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ciT€r  bills,  or  pass  through  valleys,  yet  so  long  a»  U  doe*  not  rise  above  ike 
level  of  the  fountain  head,  the  water  will  continue  to  flow.  On  this 
principle  the  city  of  Philadelphia  is  supplied  with  water  from  Fairmount 
reservok.  New  York  from  the  Croton  River,  and  Boston  from  the  Co- 
chituate  Lake.  On  this  principle,  also,  little  streams  descend  from  the 
bills  to  the  plains,  and  mighty  rivers 'flow  on  towards  the  ocean. 


Levelling* 

7.  The  heights  of  mountains,  as  given  in  geography,  are  always 
estimated  from  the  level  of  the  ocean.  If  the  earth  were  an  exact 
sphere,  which  it  is  very  nearly,  the  surface  of  the  ocean  would  be  every 
where  at  the  same  distance  frxtm  the  earth's  centre.  The  surface  of  a 
large  extent  of  water  is  consequently  convex ;  but  for  any  small  extent 
of  water,  the  surface  is  practically  flat.  A  spirit  level  is  the  instrument 
which  is  usually  employed  for  finding  the  diflerenoe  of  levels  between 
two  places.  It  consists  of  a  glass  tube  £  F,  filled 
with  spirits  of  wine,  excepting  a  small  part  B, 
called  the  air  bubble.    This  bubble  alwa^'S  rises  to  p^,  4, 

the  higher  end  of  the  tube ;  but  when  the  tube  is 
perfectly  level,  the  bubble  stands  at  the  middle,  B.    In  using  this  instru- 


Fig,  5.    - 

meixt  £ar  ordinary  purposes,  such  as  finding  the  levels  for  buildings,  or 
drains,  it  is  fixed  in  a  frame  with  sights  placed  over  the  direction  of  the 
tube ;  but  when  levels  are  to  be  taken  for  great  distances,  such  as  occur 

7 
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in  tho  conBtruction  of  railways,  the  instrumeat  is  fixed  upon  the  top  of  a 
spy  glass,  or  telescope,  mounted  on  a  tripod  stand,  as  in  the  accompany- 
ing figure,  where  E  P  is  the  spirit  level ;  A  B  the  spy  glass  fixed  hi  the 
hotizontal  plate  C  D ;  screws  are  placed  helow  this  plate  for  adjusting 
the  spirit  level ;  L  L  L  are  portions  of  the  legs  on  which  the  instrument 
stands ;  the  spy  glass,  with  the  spirit  level,  turns  round  on  a  vertical 
nxia,  80  that  thc  pcTsou  using  the  instrument  can  direct  the  spy  glass 
towards  any  object.  It  will  be  observed  that  the  line  of  vision  through 
the  spy  glass  is  a  level  line,  for  it  is  exactly  parallel  to  the  level  line 
formed  by  the  spirit  level.  In  order  to  show  the  manner  of  using  this 
instrument,  let  it  be  required  to  ascertain  whether  thoe  is  a  proper  de- 
scent for  water  from  a  well  at 

P  to  a  village  at  B  :  place  the  o  c 

spirit  level  D  on  the  eminence  ^      ^"^ 

£,  from  which  levelling  staves 
F  and  G  B  can  be  seen ;  ad- 
just thc  level,  and  direct  the 
spy  glass  to  tho  staff  F  ;  turn 
the  spy  glass  upon  its  vertical 
axis,  and  direct  it  to  the  staff 
G  B ;  then  the  difference  be- 

t:>veen  the  heights  of  the  staves  G  B  and  F  will  give  the  descent  of  the 
water  from  the  well  to  the  place  B. 

8.  The  line  which  is  detennined  by  thc  spirit  level  is  a  tangent  to  the 
earth's  surface ;  in  taking  levels,  therefore,  in  this  manner  for  any  great 
distance,  an  allowance  must  be  made  for  the  convexity  of  the  earth ; 
this  allowance  is  about  8  inches  for  a  mile.  In 
Fig.  7,  D  A  C  represents  a  portion  of  the  earth's 
surface,  or  the  form  which  thc  water  of  the  ocean 
assumes ;  A  B  is  the  apparent  level  token  from 
A,  or  thc  line  determined  by  the  spirit  level ; 
A  C  is  the  true  level,  or  thc  surface  w^hich  water  extending  frt)m  A  to  C, 
v/ould  assume ;  B  C  is  the  correction,  or  the  difference  between  the  ap- 
parent level  and  the  true  level,  which  is  about  8  inches,  when  the  dis- 
tance A  C  is  one  mile. 

9.   Fluids  transmit  pressure  equally  in  all  directions. 

In  order  to  exemplify  this  principle,  let  us  suppose  a  bladder  to  be 
filled  with  water,  and  after  the  mouth  is  closed,  let  it  be  squeezed  or 
pressed  with  a  force  nearly  sufficient  to  burst  it ;  now,  every  particle  of 
the  water  will  undergo  the  same  amount  of  pressure,  and  every  part  of 
the  bladder  win  be  presaed  upon  by  the  water  with  the  flame  fiarce. 


Fig.  7. 
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10.  In  the  syringe,  Fig.  8,  the  piston  or  plug  P  is  forced 
down  upon  the  water  beneath  it,  and  the  pressure  thus  pro- 
duced is  transmitted  equally  through  the  ivholc  body  of  the 
fluid ;  hence  it  is  that  the  water  is  driven  out  at  the  orifice 
O  with  a  fbtce  corresponding  to  the  pressure  applied  to  the 
piston.. 

11.  The  principle  of  the  hydrostatic  press  depends  upon  ^ 
this  property  of  fluids  :  In^ig.  9,  A  and  a  are  two  oylindcrs 
containing  water,  connected  by  a  pipe;  P  is  a  piston  fitting 
the  large  cylinder,  and  p  another  piston  fitting  the  small  one. 
Now,  any  pressure  applied  to  the  small  piston  will  be  trans- 
mitted by  the  water  to  the  large  piston,  so  that  e\'cry  portion 
of  surface  in  the  laige  piston  P  will  be  pressed  upwards  -with 
the  same  force  that  an  equal  portion  of  sinface  in  the  small  jp.*l  'g^ 
piston  p  is  preaeed  downwards.    For  example,  let  p  contain 

one  inch  of  surface,  and  let  the  downward  pressure  applied  to  it  be  20 
lbs.;  then  every  inch  of  surface  in  P  will  be 
pcessed  upwards  with  the  force  of  20  lbs.,  and 
therefore  as  many  times  as  the  surface  of  the 
large  piston  is  greater  than  that  of  the  small  one, 
just  eo  many  times  Mill  the  upward  pressure 
upon  the  large  piston  be  greater  than  the  down- 
ward pressure  upon  the  small  one;  thus  if  P 
contain  a  surface  of  30  inchos,  then  the  pressure 
upon  it  will  be  equal  to  30  times  20  Ibe.  or  600  lbs. 


Fig.  9. 


12.   The  pressure  of  water  is  in  proportioa  to  its  depth. 

As  all  the  particles  of  a  fluid  press  on  those  immediately  below  them» 
the  particles  at  any  given  depth  will  have  to  sustain  the  weight  or 
pressure  of  those  which  lie  above  them.    Thus,  Fig.  10,  the  particles  at 
the  bottom  IJ  of  a  vessel  filled  with  water  will  sus- 
tain double  the  pressure  of  those  lying  in  the  middle  A  • 
£  F ;  and  the  particles  at  this  depth  will  sustain  double  q 
the  pressure  of  those  lying  in  C  D  at  one  fourth  the 
whole  depth  ;  and  so  on ;  hence  the  pressure  of  water  e  j' 
at  any  depth  is  in  proportion  to  that  depth.    But  as 


water  transmits  pressure  equally  in  all  directions,  this 

pressure  will  act  sideways  as  well  as  downwards. 

Hence  the  pressure  at  the  points  A,  C,  £,  G,  and  K 

will  be  as  the  numbers  0,  1,  2,  3,  and  4  — that  is,  as 

the  depths.    Let  holes  be  bored  of  the  same  size  at  ^*^'  ^^* 

the  points  D,  ^i  H,  J,  and  K ;  then  the  water  will  flow  out  at  these 
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holes  with  forces  proportioned  to  the  pressure  of  the  water  at  these 
points  —  that  is,  -with  forces  in  proportion  to  the  dq>th  of  the  holes  be- 
low the  surface  A  B  of  the  water :  thus  the  water  \nll  flow  from  K  and 
J  -with  the  same  force ;  from  F  it  will  flow  with  half  the  force  that  it 
does  from  K  or  J ;  iram  D  it  wUl  flow  with  one  fourth  the  force  that  i( 
docs  from  J ;  and  so  on. 

Pressure  on  the  Bottom  %f  Vessels, 

13.  In  upright  vessek,  the  pressure  on  the  bottom  is  ob- 
viously equal  to  the  weight  of  the  water:  thus,  in  Fig.  11, 
the  pressure  en  the  bottom  D  C  is  equal  to  the  weight  of  the 
water  F  G  C  D  contained  in  the  vessd  ;  hence  the  pressure 
vpon  the  bottom  of  a  vessel  is  found  by  muKipli/iny  together  jjj 
the  area  of  the  base,  the  ])erpendictilar  depth  of  the  water,  and 
the  xceltjht  of  a  cubic  foot  of  water. 

An  example  will  render  the  truth  of  this  rule  more  apparent. 

Example.  Let  the  area  of  the  base  D  C  contain  two  square  feet,  and 
let  the  depth  of  the  water  G  C  be  three  feet ;  required  the  pressure  on 
the  bottom  of  the  vessel,  the  weight  of  a  cubic  foot  of  water  being 
1000  oz. 

Content  of  water  =  area  base  X  pciix)ndicidar  height. 

=  2X3  =  6  cubic  feet. 

■\Veighl  of  water,  or  pressure  on  base,  =  6  X  1000  =  GOOO  oz. 

14.  The  pressure  on  the  bottom  of  a  vessel,  whatever  may 
be  its  form,  depends  solely  upon  the  area  of  the  base  and  the 
perpendicular  depth  of  the  water.  This  arises  from  the  law 
of  equal  distribution  of  pressure  explained  in  Art,  9. 

Figs.  12,  13,  and  14,  represent 
three  different  vessels  having  cqiial 
bases  and  the  same  perpendicular 
depth  of  water  in  them ;  all  their     !C~^    n 
bases 's\-ill  sustain  the  same  amount  of     pin,  12.  13.  14. 

pressure.   Ilenco  the  pressure  on  the 

bottom  of  a  vessel  containing  water  is  equal  to  the  weight  of  a  column 
of  water  whose  base  is  equal  to  the  bottom  of  the  vessel,  and  its  height 
equal  to  the  depth  of  the  bottom  from  the  surface  of  the  water :  thus  in 
the  three  forms  of  vessels  represented  in  the  foregoing  cut  the  pressure 
on  the  bottom  is,  in  all  the  cases,  equal  to  the  weight  of  the  column  of 
water  A  B  C  D. 
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Upward  Pressure  of  Water. 
15.  The  upward  preanue  of  natCT  ia  to?  deulj  pcovei  bj  tho  fol- 
loiriiig  Bunple  experiments :  — 

ExFEBJUEICn. 

£j;>.l.   Tiea  piece  of  Uiidder  B  (Fig.  15)  tooQpmd  of  ai 
open  tube  A.  B  ;   poui  wMei  into  it ;  then,  owing  to  the  prcs- 
Hire  of  this  water,  the.  bladder  liccranra  convex  ;  dip  the  lube 
into  ft  Tessel  of  water;  o3  the  tube  is  dqiresscd  the  bladder  bc- 
ccmes  las  and  less  convex,  and  it  becomes  perfectly  Sat  w 
the  water  in  the  tube  is  on  a  level  \rith  the  water  in  the  ves-      H-  ;^ 
sd,  far  then  the  upward  presanre  of  the  latter  is  equal  to  the      V^^b 
downward  [reesure  of  the  fanner ;  when  the  tube  is  fJunged    Fiy.  15, 
deeper  than  this,  the  bladder  becomes  concave. 

Exp.  2,  In  Fig.  10,  A  B  U  a  thick  tube  having  its 
xmder  end  ground  a&aight ;  n  ia  a  flat  i^ece  of  lead 
having  a  string  n  H  attached  to  it,  to  that  the  plntc  of 
lead  ma;  be  drawn  close  to  the  end  of  the  tube ;  plunge 
the  tube  into  a  vessel  of  water ;  quit  the  Btring :  the 
idate  remiina  mppoitcd  by  the  upward  presuic  of  the 
wata;  raise  the  tube  until  the  lead  falls  ofT;  at  thia 
point  the  depth  of  the  lead  below  the  suifoce  of  the 
fluid  win  be  about  eleven  times  its  thickniss,  fin-  lead 
a  about  eleven  times  the  wnght  of  an  equal  bulk  of 

Exp.  3.  Dip  the  end  B  of  a  Email  tube  (Fig.  17)  into  ^-  '** 
i]iuiJualver ;  stop  the  upper  end  A  with  the  finger  and 
lift  np  the  tube  from  the  quickailvCT :  o  Email  column  of 
qoickalver  lemaine  in  the  kiwEr  end  of  the  tube.  Plunge 
the  md  of  the  tube  into  a  veasel  of  water  to  a  depth  rather 
tnore  tlun  131  timca  the  length  of  the  little  column  of 
qmekalver,  then  take  away  the  finger :  the  quickslvcr  re- 
Buini  supported  by  the  upward  pressure  of  the  watCT.  It 
will  be  obamed  that  quickalver  ia  about  13^  times  the 
woght  i^  an  equal  bulk  of  water. 

IS.  The  upwin^  pressure  of  a  long  colunm  of  water  is 
ttriUngly  exhiUted  in  the  hydroiiatui  beBoim.  Two  boards, 
A  ind  B,  Fig.  18.  are  connected  together  by  means  of 
1e*th(T|  as  in  the  common  beDovrs ;  a  small  ppe  abc  com- 
■Bonicatfs  with  the  inside  of  the  bellows ;  a  heavy  weight '' 
iqnn  the  npper  board  to  show  the  dTect  of  the  preanue. 
found  in  at  the  mouth  e,  bo  as  to  fill  the  bellows  as  well . 
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Fig.  13. 


Xow,  nhen  wnlo-  is  poured  into  tlie  lube,  tlie  Tipper 
boiiril  A,  with  its  wdght  ^\',  is  lifted  up  by  the  pree- 
fure  of  the  water  beacath  it.  Tlie  bon;  of  tlic  pipe 
may  be  as  Email  as  you  plea^,  for  tlic  power  of  the 
JQ^tcument  merely  depends  upon  the  hdght  of  the 
tolumn  of  water  &  c  in  the  Email  tube  end  the  area  of 
the  board  A  D ;  that  ia  to  bbj,  the  weight  W  which  ia 
raised  is  equal  to  the  weight  of  a  column  of  water 
\  b  c  btaikding  on  the  upper  board  as  a  buse  and  hav- 
ing i  c  as  its  perpendicular  height.  If  the  ores  of  the 
luord  A  i  is  one  square  foot,  and  the  liaght  of  the 
column  of  water  i  c  in  the  small  tube  is  three  ieet, 
thin  the  upward  pressure  upon  the  board  will  be  equal 
.to  the  weight  of  three  cubic  foet  of  water,  or  equal 
to  3000  oz.  Now,  bj-  making  the  bore  of  the  pipe 
very  small  we  may  Bupposc  this  effect  to  bo  produced  by  one  ounce  of 
water  poiufld  into  the  pipe  ;  this  ounce  of  water,  Uierefore,  a  sutHcient 
to  countcrbaiance  tlirec  thousand  ouncfs  placed  upon  the  bellows  board. 
The  astonishing  cflbct  of  a  Email  column  of  water  acting  in  this  manner 
has  been  called  the  hydrotlatic  paradm. 

17.  In  this  maimer  a  strong  task  (fig.  10)  filled  with  liquid 
may  be  burst  by  a  few  ounces  of  water  poured  into  a  long  tube 
A  communicaling  with  the  insido  of  the  cask. 

If  B  strong,  square  glofs  bottle,  empty  and  firmly  corked, 
be  sunk  in  water,  its  sides  will  be  crushed  inwards  by  tlic  pi 
sure  before-  it  rcachra  a  depth  of  ten  fathoms. 

If  n  corked  empty  bottle  ba  let  down  into  the  Bca,  die  cork  is 
usually  forced  inwanls  at  a  certnin  dqith. 

■\Vhen  a  ship  foundcre  at  sea,  the  great  pressure  at  the  bottom  f  ,j,  i 
forces  water  into  the  pores  of  the  wtjod,  and  makes  it  so  heavy 
that  no  part  can  ever  rise  again. 

W.  This  law  of  jmssuie  is  also  sometimes  ff 
in  nature  in  the  rending  of  rocks  and  n 
represent  a  long  vertical  fissure  or  crevice, 
coinmunlcBtinft  with  an  intcmat  cavity  C 
fonued  in  the  moiuitain,  but  without  any 
outlet ;  now,  when  the  fissure  and  cavity  be- 
come filled  with  water,  an  enormous  upheav- 
ing force  is  produced,  sufficient,  it  may  be, 
to  cause  a  disruption  of  the  mass  D. 

Acting  in  this  way,  water  seems  to  be  one 
of  those  great  agents  m  nature  which  are  con- 
stantly producing  changes  on  the  suriiice  of 


HrDROSTATlCS   AND    nTDUAULICS.  79 

the  g^obe.     The  freezing  of  water,  under  the  same  circumstances,  also 
taids  to  produce  similar  effects. 


s 


Fig.  21. 


Pressure  on  the  Sides  of  Vessels. 

19.  It  has  been  shown  in  Art.  12  that  the  pressure  of  water  on  a  point 
in  the  side  of  a  yessel  increases  with  the  depth  of  that  point  bdow  the 
surface.    Let  A  I  (Fig.  21)  be  the  section  of  the 

fide  of  a  rectangular  vessel,  filled  with  water,  and 
let  tlic  whole  depth  A I  be  8  feet ;  then  at  the  mid- 
dle point  E  the  depth  A  E  will  be  4  feet.  Now, 
the  pressure  at  I  is  j  nxlueed  by  a  column  of  water 
-whose  height  is  8  feet,  whereas  the  pressuze  at  the 
middle  point  is  produced  by  a  column  w^hose  depth 
is  4  feet,  which  is  just  the  mean  or  average  between 
the  top  and  bottom  pressures,  and  in  fact  the  aver- 
age of  all  the  pressures  acting  upon  the  side ;  hence  the  whole  pressure 
upon  the  side  %vill  be  produced  by  a  column  of  water  whose  base  is  the 
area  of  that  side  with  on  average  depth  equal  to  half  the  whole  height 
or  depth  of  that  side.  AVc  therefore  have  the  following  ride  for  finding 
the  pressure  on  the  side  of  a  vessel :  — 

Multiply  the  area  of  the  side,  in  feet,  by  one  half  its  depth, 
and  this  product  again  by  the  weight  of  a  cubic  foot  of  water. 

Conceive  a  surface  equal  to  the  side  of  the  vessel  to  be  laid  in  the  bot- 
tom, tlien  the  pressure  on  this  surface  will  be  double  the  actual  pressure 
on  the  side ;  for  in  this  case  the  column  of  pressure  is  the  whole  depth, 
whereas  the  colimm  of  pressure  on  the  side  is  only  equivalent  to  half  the 
whole  depth.  • 

It  is  important  to  observe  that  the  pressure  on  the  side  of  a  vessel  has 
nothing  to  do  with  the  length  of  the  vessel  in  the  direction  A  B,  for  the 
proBure  is  simply  equal  to  the  product  of  the  area  of  the  side,  the^epth 
of  its  middle  point,  and  the  weight  of  a  cubic  foot  of  water :  thus,  — 

Pressure  on  the  side  of  a  vessel  =s  area  side  X  half  depth  X  wt.  c.  ft. 
water. 

20.  In  consequence  of  the  increase  of  pres- 
sure with  tlie  depth,  embankments  and  dama 
are  made  broader  at  the  bottom  than  at  the 
top,  (Fig.  22.)  And,  on  the  same  principle, 
in  order  to  have  a  cask  equally  strong,  there 
should  be  more  hoops  placed  towards  the  bot- 
tom than  towards  the  top. 
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Centre  of  Pressure. 

21.  The  centre'  of  pressure  is  that  particular  point  in  the 
side  of  a  vessel  where  the  whole  pressure  upon  it  may  be 
conceived  to  be  applied  without  altering  the  effect. 

Thus  (Fig.  23)  let  the  surface  A  Q  D  G  be  subject  to  the  pressure  of 
water ;  then  there  must  be  a  pdnt  C  in  that  surface  where  a  single  op- 
posing pressure  may  be  applied  which  shall  exactly    ^^^mm^^v 
balance  the  whole  pressure  of  the  water ;  this  point  C    ^"^^^^^^ 
is  called  the  centre  of  pressure.    This  point  must  obvi-  jT     ji 

ously  lie  in  the  vertical  line  £  F,  dividing  the  surface  I        I 

equally ;  moreover  it  must  be  nearer  to  the  bottom   \     I      ^  L 
than  it  is  to  the  top ;  in  fact  its  distance  fix)m  the  hot-         \f        \  ^% 
tom  is  foimd  to  be  one  third  the  whole  depth  ;  that  is  o       f       d 

to  say,  F  C  is  equal  to  one  third  £  F.    An  example  jc^a.  23. 

will  render  the  subject  more  plain :  — 

Ex,  Let  the  breadth  A  Q  =  4  feet,  the  depth  A  O  or  £  F  ss  9  feet : 
required  the  position  of  the  centre  of  pressiurc,  and  also  the  whole  pra»- 
surc  of  the  water. 

Here  the  distance  of  the  centre  of  pressure  fiom  the  bottom  of  the 
vessel  is  equal  to  \  of  9  feet,  or  3  feet. 

To  find  the  pressure,  we  have 
Area  surface  AQDG  =  4X  9  =  36sq.  feet; 
Pressure  on  A  Q  D  G  =  area  X  h  depth  X  wt.  c  ft.  water. 

==  36  X  4  of  9  X  1000. 
«=  162,000  oz.,  or  10,126  lbs. 

Here  a  pressure  of  10,125  lbs.  applied  at  C  would  counterbalance  the 
procure  of  the  water  upon  the  whole  sur&cc. 

It  may  be  worthy  of  observation,  that  a  single  hoop,  placed  upon  a 
batrel  at  one  third  the  whole  height  from  the  bottom,  would  counterbal- 
ance the  pressure  of  the  liquid  ujwn  the  staves. 

Specific  Gravity. 

22.  Bodies  differ  very  much  in  their  density,  or  in  the  quantity  of 
matter  which  they  contain  in  a  given  bulk ;  thus  tlie  weight  of  a  lump 
of  lead  is  more  than  forty  times  the  weight  of  an  equal  bulk  of  cork, 
and  the  weight  of  a  piece  of  platinum  is  nearly  double  the  weight  of  an 
equal  bulk  of  lead.  The  specific  gravity  of  a  body  is  its  weight  as  com- 
pared with  the  weight  of  an  equal  bulk  of  some  other  body,  taken  as  a 
standard.  For  the  sake  of  convenience,  pure  water,  at  the  temperature 
of  60°,  is  taken  as  the  standard  by  which  the  specific  gravities  of  aH 
other  substances  are  compared.    Taking  the  specific  gravity  of  water  as 
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nnitj,  the  specific  gravit}!  of  any  other  substance  is  exprceacd  b;  the 
number  of  times  that  it  is  hesvier  thsn  an  equal  bulk  of  water :  thus 
iron  is  8  times  the  weight  of  an  equal  bulk  of  water ;  therefore  the  spe- 
cific gratit;  of  iron  is  S ;  and  so  on  to  othi?  cifioi.  Kow,  the  weight  of 
a  cutuc  foot  of  water  is  exactly  lOOO  ounces ;  hence  we  find  the  wdght  of 
a  cuhic  foot  of  any  sulMance  by  simply  taking  its  specific  gravity  as  en 
many  thousands  of  ounces;  thus  the  weight  of  a  cubic  foot  of  iron  is 
8000  ounces. 

23-  A  body  sinks  or  floats,  according  ss  its  specific  gravity  is  greater 
at  less  than  the  fluid  in  which  it  is  immeised  ;  and  when  ibe  specilic 
gravity  of  tbc  body  is  cqoai  to  that  of  the  water,  tbc  body,  upi>D  being 
imiaeiscd,  ndthei  rises  not  &Ub,  but  Temniiis  as  it  were  suspended  in  thu 
fluid  at  ail  d^tbs. 

24.  The  meet  important  laws,  regulating  the  picsaurc  of  fluids  on 
solids  immoaed  in  them,  are  as  Ibllows :  — 

1.  When  a.  GolJd  bitdj  floats  on  a  fluid,  the  weight  of  the 
fluid  displaced  is  equal  to  the  weight  of  the  body. 

2.  Wheo  a  heavy  body  is  weighed  in  water,  ibe  weight 
which  the  body  loses  is  due  to  the  upward  pressure  or  buoy- 
ancy of  the  water,  and  is  equal  to  the  weight  of  the  water 
displaced. 

25.  The  following  experiments  arc  intended  to  iyiistrotc  these  impar' 
tant  laws,  as  well  as  other  propcrtiis  of  fluids  depending  upon  thdr  epo- 
cific  gmvity. 

EXPEBIME.NXH.  #^ 

Eip.  1.   Fluids  may  be  placed  upon  each  other  ir 
the  order  of  thdr  spccilic  gravities  i   thus   mocurj',         , 
water,  oil,  and  spirits  may  be  placed  upon  each  other       jl  < 
in  a  test  tube,  as  in  the  annexed  cut.  (Pi^'.  2J.) 

Exp.  2.  Fluids  may  be  mode  to  botnncc  cuch  other 
by  their  opposing  luessurei,  ajid  in  eucli  tascs  the 
columns  of  (he  fluids  ate  reversely  as  their  bpecifio  ^;,_  g^ 
gravi&x.  Taheabent  tulic,  (Fig.25,)introdiicealiltlc 
mtxtury  into  one  leg,  and  some  water  iuto  the  other: 
the  column  of  water  will  be  about  13j  times  the  height 
of  the  mercury,  in  order  that  they  should  balance  each 
other.  From  this  it  foUou' a  that  mcrcuiy  is  aljout  1 3 J 
times  the  iicight  of  water.  l 

£171.  3.   Try  water  and  mutiadc  ether,  as  in  the  lost    1 
e\pcriment :   the  column  of  ether  will  be  about  1^ 
times  the  coliunn  of  water.    '  pig,  2a, 
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Exp,  4.  A  light  fluid  will  rise  within  a  heavy  one.  Talie  a  emaJl 
bottle  filled  with  led  wine,  (or  any  colored  liquor  specifically  lighter 
than  water ;)  invert  it  with  its  mouth  at  the  bottom  of  the  vessel  of 
water :  the  wine  rises  through  the  water. 

Exp,  6,  A  heavy  fluid  will  sink  in  a  lighter  one.  Take  a  small 
bottle  filled  with  diluted  sulphuric  add,  colored  red  by  the  tincture  of 
litmus ;  invert  the  mouth  of  the  bottle  at  the  top  of  some  hot  water: 
the  heavy  colored  liquid  descends  through  the  water. 

Esqp,  6.  Hll  a  vessel  A  (Fig.  26,)  having  an  opening  a,  with  water,  until 
it  begins  to  run  out  at  a;  place  any  floating  body  W 
on  the  surface  of  the  water ;  the  body  sinks  to  a  cer- 
tain depth,  and  thereby  displaoes  a  portion  of  water 
equal  to  the  bulk  of  that  part  of  the  body  which 
is  immersed ;  receive  this  water  in  the  vessel  B ; 
weigh  the  water  thus  received,  and  it  wlU  be  found 
to  be  equal  to  the  weight  of  the  floating  body. 

Exp,  7.  Again:  fill  the  vessel  A  with  water 
until  it  begins  to  run  out  at  a;  immerse  any  body 
W  completely  in  the  water,  then  a  quantity  of 
water  will  run  out,  into  the  vessel  B,  equal  in  bulk  to  the  body 
immersed ;  weigh  this  water,  and  it  will  give  the  weight  of  water  equal 
in  bulk  to  the  body.  The  actual  weight  of  the  body  divided  by  the 
weight  of  this  water  which  it  displaces  will  give  the  specific  grivity  of 
the  body :  thus  if  th*  weight  of  the  body  is  6  ounces,  and  the  weight  of 
the  water  which  it  displaces  3  ounces,  then  the  weight  of  the  body  will 
be  2  times  the  weight  of  an  equal  bulk  of  water ;  that  is,  the  specific 
gravity  of  the  body  will  be  2,  that  of  water  being  1.  This  is  a  simple, 
though  somewhat  rude,  method  of  finding  the  specific  gravity  of  a  body. 

Exp,  8.  Two  equal  weights  A  and  B  (Fig.  27) 
Bxe  dxily  bUanced  over  a  pulley ;  place  one  of  them 
A  at  the  bottom  of  an  empty  vessel ;  pour  water 
into  the  vessel ;  the  equilibrium  is  destroyed  by  the  3'j 
buoyancy  or  upward  pressure  of  the  water  upon  the 
weight  A,  and  it  consequently  ascends  to  the  sur- 
fiice  of  the  fluid.  Hence  it  requires  less  force  to 
raise  a  body  in  water  than  it  docs  to  raise  the  same 
body  in  air. 

Exp,  9.  Take  a  small  long-necked  bottle,  and  put 
some  shot  Into  it,  so  as  to  make  it  float  to  a  con- 
venient depth  in  water ;  make  a  mark  on  the  neck  of  the 
bottle  at  the  level  of  the  water ;  now  float  the  bottle  in  some 
other  liquid,  such  as  oil  or  beer,  whose  specific  gravity  is  leas 
than  that  of  water ;  the  bottle  anks  to  a  greater  depth. 


Fig.  27. 
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Here  tifae  balk  of  the  diaplaced  liquid  is  greater  according  as  its  specific 
gravity  is  less. 

£i^.  10.  To  show  that  the  teeight  which  a  hody  kuea  in  water 
u  espial  to  the  weight  of  the  fluid  displaced :  place  a  hollow  cylin- 
der a  OQ  one  scale  of  a  balance,  and 
suspend  to  this  scale  a  solid  metal  cyl- 
inder hf  which  exactly  fits  the  hollow 
farmed  in  the  other  cylinder  a;  place  a 
weight  c  on  the  opposite  scale  so  as  to 
restore  the  balance ;  plun^  b  into  a  yes- 
sel  of  water ;  the  scale  c  descends :  now 
fill  the  hollow  cylinder  a  with  water ; 
the  equilifarium  is  restored.  It  will  be 
obserred  that  the  water  which  restored 
the  equilibiium  is  eqfoal  to  the  bulk  of 
the  body  6. 

Bxp.  11.  Balance  a  glass  of  water  in 
a  pair  of  common  scales ;  suspend  a  two 
oiunoe  brass  weight  by  a  fine  thread  hold  the  weight,  thus  suspended, 
in  the  water ;  then  the  scale  on  which  the  glass  of  water  is  placed  de- 
scends, and  it  will  require  about  a  quarter  of  an  ounce  to  restore  the 
equilibrium.  This  quarter  of  an  ounce  is  the  weight  of  water  equal  in 
bulk  to  the  brass  weight ;  therefore  brass  is  about  eight  times  the  wci^t 
of  an  equal  bulk  of  water. 


Fig,  29. 


To  find  the  Specific  Gravity  of  Liquids  by  Means  of  a  small 

Bottle. 


26.  Take  a  small  glass  bottle  having  a  long  neck ;  find  the  weight 
of  this  bottle ;  fill  it  with  pure  water  up  to  a  certain  mark  made  upon 
the  neck ;  weigh  the  bottle  and  water ;  then  the  difference  between 
these  weights  will  give  the  Weight  of  the  enclosed  water.  Pour  out  the 
water  and  introduce  the  liquid,  whose  specific  gravity  is  to  be  deter- 
mined, to  the  height  of  the  mark  made  upon  the  neck  of  the  bottle; 
weigh  the  bottle  and  liquid ;  then  the  difference  between  this  weight 
and  that  of  the  bottle  itsdf  wiD  give  the  weight  of  the  enclosed  liquid. 
Kow,  having  thus  obtained  the  weight  of  equal  bulks  of  water  and  the 
fiquid,  the  latter  weight  divided  by  the  former  will  give  the  specific 
gravity  of  the.  liquid.  5'or  example,  let  the  weight  of  the  empty  bottle 
be  200  grains,  that  of  the  bottle  filled  with  water  SOO  grains,  Wd  that 
of  the  bottle  and  liquid  1100  gnins ;  then  we  have 
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Weight  of  the  water  =  800  —  200  =  600, 
Wdght  of  the  Uquid^  1100  —  200  =  900 ; 

Specific  gravity  of  the  liquid  =  _  —  u 

600 

To  Jmd  the  Specific  Gravity  of  Bodies  hy  the  Hydrostatic 

Balance, 

27.  The  hydrostatic  balance  differs  from  an  ordinary  one  only  in 
having  a  hook  attached  to  the  under  side  of  one 

of  the  scales.    The  body,  whose  specific  gravity  is 

to  be  found,  is  suspended  from  the  hook  by  a  horse 

hair,  and  then  its  weight  is  determined.    It  is 

now  weighed  in  water,  and  thus  its  loss  of  weight 

is  ascertained.    Now,  it  has  been  explained  (see 

Exp.  10)  that  the  weight  which  a  body  loses  in 

water  is  equal  to  the  weight  of  a  portion  of  water 

equal  in  bulk  to  the  body,  and  hence  we  have  the  j^  gQ^ 

following  rule :  — 

The  specific  gravity  of  a  body  is  equal  to  its  weight  di- 
vided by  the  weight  which  it  loses  in  water. 

Ex.  The  weight  of  a  soHd  body  is  200  grains,  but  its  weight  in  water 
is  only  150  grains :  required  the  specific  gravity  of  the  body. 

Here  the  loss  of  weight  in  water,  or,  what  is  the  same  thing,  the 
weight  of  water  equal  in  bulk  to  the  body  =  200  —  160  =  60 ;  but 
the  weight  of  the  body  itself  =  200 ; 

The  specific  gravity  of  the  body,  or  the  nmnber  of  times  which  it  is 

200 
heavier  than  an  equal  bulk  of  water,  ==■—-=  4. 

28.  The  specific  gravity  of  liquids  may  be  fbxmd  by^the  hydrostatic 
balance,  in  the  following  manner :  — 

Weigh  a  solid  body  in  water,  as  well  as  in  the  liquid  whose  specific 
gravity  is  to  be  determined ;  then  the  loss  in  each  case  will  be  the  re- 
spective weights  of  equal  bulks  of  water  and  the  liquid ;  therefore  — 

The  loss  of  weight  in  the  liquid,  divided  by  the  loss  of 
weight  in  the  water,  will  give  the  specific  gravity  of  the  liquid. 

The  solid  body  used  in  this  process  is  usually  a  heavy  piece  of  glass, 
suspended  from  the  scale  by  means  of  a  fine  platinum  wire.  ^ 

Ex.  A  heavy  pietfe  of  glass  loses  2  ounces  when  weighed  in  water, 
and  3  ounces  when  weighed  in  diluted  sulphuric  add :  required  the  spe- 
cific gravity  of  the  acid.  * 
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Specific  g^Titj  of  the  add  ^— ^ — is  f  ^  l^. 

29.  A  false  gold  coin  may  be  detected  by  finding  its  «pedSc  gravity, 
ft>  ai  pnie  gold  hm  a  greater  specilic  giwity  than  any  of  the  metak, 
auch  as  alvo'  or  copper,  with  which'  it  may  be  adulterated,  the  counter- 
bit  ccin  vill  have  a  las  specific  gravity  tb""  standard  gold.  Tradcs- 
moi  me  a  very  limple  method  for  detecting  a  ftlse  coin.  A  standard 
coin  must  have  a  proper  weight,  and  also  a  ctrtiua  bulk  corresponding 
to  its  weight ;  now  a  false  coin,  having  the  p>oper  weight,  will  have  a 
greater  bulk  than  a  true  one ;  hence  the  tradesman  empkiyi  two  tests 
for  ascertaining  a  good  ccan  ;  he  first  weighs  it,  and  if  this  in  found  cor- 
rect, he  then  tries  to  pass  it  through  a  (iit  made  exactly  to  fit  the  thick- 
ndB  and  diameter  of  a  standard  coin ;  if  the  cinn  under  examination 
does  not  pass  Uirough  this  slit,  he  concludes  that  the  c«n  is  counterfeit. 

Specif  Graeity  of  Bodiet  determined  by  the  Hydrometer. 

30.  Theie  instruments  depend  upon  the  principle,  that  the  weight  of 
a  floating  body  ia  equal  to  the  wdght  of  the  fluid  which  it  di^laces. 

NidKtUon't  ngdrometer  ir  so  contrived  as  to  determine  the  i^cdfic 
gravity  of  solids  as  wdl  aa  liquids.  In  Fig.  81,  B  is  a 
hollow  ball,  to  which  is  attached  a  fine  wire  *,  Euppisting 
B  dish  C  for  receiving  wdghts ;  procee^ng  from  the  under 
sde  of  the  ball  ia  the  stirrup  D,  carrying  a  heavy  dish  F 
iat  preterving  the  staMlity  of  the  instrumeat  when  it 
floats,  and  for  holding  any  solid  body  whose  specific  grav- 
ity ia  to  be  dettrmined.  The  instrument  ia  floated  in  pure 
water,  and  a  weight  of  1000  grains  ia  put  into  the  dish  C ; 
now,  the  weight  of  the  instrument  is  so  adjusted  that  it 
nnkii  to  about  the  middle  of  the  fine  stem ;  and  a  mark  ( 
is  made  at  this  pdnt.  Fig.  31. 

31.  To  determine  the  specific  gravity  of  a  liquid:  — 

Place  the  instniment  in  the  liquid,  and  put  wcjghts  into  the  dish  C 
imtil  the  mark  t  on  the  stem  sinks  to  the  Itivel  of  the  surface  of  the 
liquid.  Thae  weights  added  to  the  woght  of  the  instrument  will  be 
equal  to  the  weigfat  of  the  liqoid  displaced ;  but  the  waght  of  the  in- 
stmment  added  to  1000  oE.  is  eqnal  to  the  wdght  of  an  equal  bulk  of 
wata ;  therefiffe  the  former  sum  divided  by  the  lattCT  will  give  the  ape- 
eiflxi  gravity  of  tho  liquid.  For  example,  let  the  weight  of  the  instru- 
ment be  3000  grains,  the  vrdght  put  on  tho  dish  C  equal  to  200  grwns, 
thm  we  have 
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Weight  of  displaced  water  =  3090  4. 1000  =  4000  ; 
"         «        *\      liquid  =  3000  4-    200  =  3200; 

3200 
Spedfic  graidty  of  liquid  =—-  =  .8. 

32.  To  detennine  the  specific  gravity  of  a  solid  :  — 

Place  the  instrument  in  water,  and  put  the  solid  in  the  upper  dish  C ; 
add  weights  to  this  dish  until  the  toark  t  on  the  stem  sinks  to  a  level 
with  the  fluid ;  then  these  weights*  together  with  the  weight  of  the  body, 
must  be  equal  to  1000  grains ;  therefiaie  the  weight  of  the  body  itself 
must  be  equal  to  1000  grains  less  by  these  weights.  For  example,  if  600 
grains  are  added  to  the  dish  C,  then  the  weight  of  the  body  is  equal  to 
1000  grains  less  by  600  grains,  or  400  grains. 

Let  the  body  be  now  placed  in  the  lower  dish  F,  and,  as  be£are,  let 
weights  be  placed  in  the  upper  dish  imtil  the  mark  s  sinks  to  a  level 
with  the  water ;  then  these  weights,  together  with  the  weight  or  down- 
ward tendency  of  the  body  in  the  water  are  equal  to  1000  grains;  there- 
fore the  weight  of  the  body  in  water  is  equal  to  1000  grains  less  by  the 
weights  added  to  the  upper  diBh.  Suppose  these  weights  to  make  up 
800  grains ;  then  the  wdght  of  the  body  in  water  is  equal  to  1000  grains 
less  by  800  grains,  or  200  gnuns. 

Now,  having  obtained  the  weight  of  the  body,  400  grains,  and  also 

its  weight  in  water,  200  grains,  thd  loss  of  weight  in  water  will  be  equal 

to  the  difference  of  these  weights — that  16,  in  this  case,  the  loss  of  weight 

in  water  will  be  equal  to  400  grains  leas  by  200  grains,  or  200  grains ; 

hence  we  have,  by  Art.  27,  — 

«       «  .       ^  ,    ,    ,  wt  body.  400 

Spednc  gravity  of  the  body  =    ^  ,  ^  . =  j-—  s=  2. 

*^        *        "^  "^       wt.  lost  m  water      200 

Let  us  take  another  example.    Li  finding  the  weight  of  the  body, 

suppose  that  300  grains  were  put  into  the  dish ;  and  in  finding  the  weight 

of  the  body  in  water,  suppose  that  40O  grains  were  put  into  the  dish ; 

then  we  have,  — 

Weight  of  the  body  =  1000  —  300  =  700  ; 

Wdght  of  body  in  water  =  1000  —  400  =  600 ; 

Weight  lost  in  water  =  700  —  600  =  100 ; 

700 
Specific  gravity  of  the  body  =  r---r  =  7. 

33.  Sike'a  Byda^omeUr^  which  is  the  one  employed  by  excisemen,  has  a 
graduated  stem,  and  the  instrument  is  always  used  in  connection  with  a 
book  of  tables.  The  depth  to  which  the  stem  sinks  is  observed,  and  at 
the  same  time  the  thermometer  and  barometer  are  also  noted;  these 
numbers  being  sought  out  in  the  tables,  the  conespouding  opedfio  grav- 
ity is  found  in  its  proper  column. 

The  hydrometer  is  chiefly  used  for  oscertaining  the  adulteration  of 
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■pints.  Tbe  strongest  spirits,  or  those  which  cotntun  the  largest  quantity 
of  alcohol,  have  the  least  specific  gravity,  and  consequently  the  hydrom- 
eter sinks  in  them  to  the  greatest  depth.  The  specific  gravity  of  pme 
alcohol  is  nearly  -fij  or  .8,  and  that  of  proof  spirits,  which  is  a  mixture 
of  equal  parts  of  alcohol  and  water,  is  about  -^  or  .9.  Spirits  are  said 
to  be  above  proof  or  under  proof  according  as  they  contain  a  larger  or 
smaller  pxyportion  of  alcohol. 

Floating  Bodies. 

34.  It  has  already  been  explained  that,  when  a  body  floats  in  a  fluid, 
the  weight  of  the  fluid  displaced  is  always  equal  to  the  weight  of  the 
body.     Let  A  B  C  D  (Fig.  32)  be  a  piece  of 
wood  floating  in  water ;  then  the  weight  of  the 
water  displac^ed,  viz.,  £  F  C  D,  is  equal  to  the 
whole  weight  of  the  wood.    The  upward  pres- 
flme  on  the  bottom  D  C  is  the  same  as  that  which 
would  support  a  portion  of  fluid  equal  in  bulk  to 
the  displaced  fluid  £  F  C  D ;  and  as  the  down- 
ward pressure  of  the  body  is  equal  to  the  upward 
pressure  of  the  fluid,  it  follows  that  the  weight  of  the  body  is  equal  to 
the  weight  of  the  fluid  displaced. 

Hence  it  is  that  iron  vessels  float  in  water ;  for  as  they  are  made  hol- 
low, it  is  easy  to  see  that  the  displaced  water  must  be  much  heavier  than 
the  whole  weight  of  the  metaL 

3d.  In  order  that  a  body  may  float  with  stability,  it  is  requisite  that 
its  centre  of  gravity  should  lie  as  low  as  pos^le.  For  this  reason  ballast 
is  laid  in  the  bottoms  of  ships ;  and,  in  like  manner,  when  a  boat  is  in 
danger  of  being  overturned  by  the  violence  of  the  winds  or  the  rolling 
of  the  waves,  it  tends  to  lessen  the  danger  when  the  passengers  lay 
themsdves  flat  at  the  bottom  of  the  boat.  A  body  is  most  stable  when 
it  floats  upon  its  greatest  surface;  thus  a  plank  floats  with  the  greatest 
stability  when  it  is  placed  flat  upon  the  water,  and  its  position  is  unstable 
when  it  is  made  to  float  edgewise.  A  body  will  only  remain  at  rest  in  a 
fluid  when  the  centres  of  gravity  of  the  whole  body  and  that  of  the  dis- 
placed fluid  are  in  the  same  vertical  line ;  for  if  the  body  is  shifted  from 
this  position,  the  upward  pressure  of  the  water,  as  well  as  the  downward 
pressure  of  the  body,  tends  to  bring  it  to  its  original  podtion.  In  Pig.  33, 
No.  1,  C  represents  the  centre 
of  gravity  of  the  body,  and  B 
that  of  the  fluid  displaced, 
where  C  and  B  are  in  the  same 
vertical  line.  Now,  when  the 
body  is  shifted  fix)m  this  posi- 

Fig.  33. 
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Hon,  as  in  No.  2,  the  gravity  of  the  body,  as  well  as  the  buoyancy  of 
the  fluid,  tends  to  biing  the  body  to  its  fiist  position. 

Additional  Facts. 

A  stone  which  on  land  requires  the  strength  of  two  men  to  lift 
it  may  be  lifted  in  water  by  one  man.  A  boy  will  often  ^"onder 
why  he  can  lift  a  certain  stone  to  the  sur&ce  of  the  water,  but  no 
further. 

When  a  person  lies  in  a  bath,  the  limbs  are  so  nearly  supported  by 
the  water  as  to  require  scarcely  any  exertion  on  the  part  of  the  indi- 
vidual. 

ITie  human  body,  with  the  chest  full  of  air,  naturally  floats  vdth  a 
bulk  of  about  half  the  head  above  the  water.  That  a  person  in  water, 
therefore,  may  live  and  breathe,  it  is  only  necessary  to  keq>  the  face  up- 
permost. 

The  common  contrivances  called  life  preservers,  for  preventing  drown- 
ing, are  strings  of  corks  put  round  the  chest  or  neck,  or  air-tight  bags, 
inflated,  and  applied  roimd  the  upper  part  of  the  body. 

Fishes  can  change  their  specific  gravity  by  diminishing  or  increasing 
the  size  of  a  little  air  bag  contained  in  their  bocUcs. 

A  ship  draws  less  water,  or  sails  lighter,  by  one  thirty-fifth,  in  the 
heavy  salt  water  of  the  sea  than  in  the  fresh  water  of  a  river ;  and,  for 
ihe  same  reason,  swimming  in  sea  water  is  easier  than  in  a  pond  or  river. 

Many  kinds  of  wood  that  float  in  water  vrill  sink  in  oil. 

A  man  floats  on  mercury  as  the  lightest  cork  floats  on  water. 

Cream  rises  in  milk,  and  forms  a  covering  to  i*- 

The  equilibrium  of  floating  bodies  is  a  subject  of  great  practical  im- 
portance, but  it  would  require  a  knowledge  of  mathematics  to  enter 
upon  it  more  fully. 

Capillary  Attraction. 


S( 


16.  When  the  extremity  of  a  glass  tube  having  a  very  small  bore  is 
plunged  into  water,  the  fluid  is  found  to  rise  in  the 
tube.  This  exception  to  the  law  of  level  of  the  surface 
of  a  fluid  is  said  to  take  place  in  consequence  of  the 
attraction  of  the  interior  surface  of  the  tube  upon  the 
water ;  and  it  is  called  capiUary  attraction,  for  it  takes 
place  in  capiUary  tubes,  or  tubes  having  a  hair-like 
bore.  The  adhesion  of  the  water  to  the  sides  of  the 
tube  is  shown  by  the  concave  form  of  the  surface  of  the  F^*  34. 
water  in  the  tube ;  hence  it  is  always  essential  to  the 
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dktit  tiiat  the  tube  should  be  susceptible  of  being  wei- 
ted,  fcft  vrhen  the  tube  is  soiled  'with  any  oily  sub- 
stances the  water  becomes  depressed  in  consequence  of 
the  repulsLon  which  the  oil  has  for  water.  If  the  cap- 
illaiy  tube  be  immersed  in  mercury,  then  the  mercury 
becomes  depressed  in  the  tube,  in  consequence  of  the 
r^mlaum  which  the  surface  of  the  glass  has  for  the  jr,  •     „  ^ 

mercury. 

37.  The  height  to  which  water  %ises  in  these  tubes  is  in  proportion  to 
the  smallnesB  of  their  diameters ;  thus  in  two  tubes,  one  of  which  is 
double  the  diameter  of  the  other,  the  fluid  will  rise  to  double  the  height 
in  the  sfnall  tube  that  it  will  do  in  the  other.  This  law  is  beautifully 
illustrated  by  the  following  experiment  (Fig. 

36) :  Take  two  }>lates  of  glass,  kept  in  contact 
«t  one  extremity  and  a  little  apart  at  the 
ether ;  immerse  them  in  water,  as  shown  in 
the  figure :  the  water  rises  between  the  plates, 
ferming  a  curved  line  called  the  hyperbola. 
It'  will  be  observed  that'  the  height  of  the 
water  at  any  part  is  greater  according  as  the 
distance  between  the  plates  at  that  part  is  less. 

38.  If  two  bells  of  wood,  (Fig.  37,)  each  of  which  is  capable  of  be- 
coming tcetted^  be  placed  upon  water,  their 
sides  will  draw  up  the  water ;  and  if  they  are 
brought  near  one  another,  so  that  the  eleva- 
tions of  the  fluid  may  interfere,  the  balls  will 
i^iproach  one  another —  that  is,  they  will  sjj^ 
pear  to  attract  one  another.    In  the  same  way 

little  floating  bodies  are  attracted  to  the  sides  of  the  wood.  If  one  of 
the  ballB  be  soiled  with  oil,  (Fig.  38,)  the  fluid  about  that  ball  wHl  be 
depressed ;  and  if  they  are  brought  near  one 
another,  as  in  the  last  case,  they  will  repel  one 
another.  These  &cts  depend  upon  the  princi- 
ple of  capillary  attraction  and  repulsion.  On 
the  same  principle  a  great  many  phenomena 
in  nature  may  be  explained.    For  example, 

the  melted  tallow  of  a  candle  rises  in  the  wick ;  and  water  rises  through 
the  fine  pores  of  sugar. 

39.  Take  an  ordinary  sized  glass  tube,  and  tie  a  piece  of  thin  bladder, 
or  any  fine  membranous  substance,  over  one  end ;  into  this  tube  pour 
some  thick  sirup  of  sugar  and  water ;  immerse  the  tube  in  water ;  then 
in  the  coarse  ^  a  few  hours  the  fluid  in  the  tube  will  have  risen  to  the 

8» 
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heightof  several  inches  above  the  Icvd  of  the  water  in  the  veBBd.  Here 
it  appears  that  the  thinner  fluid,  the  water,  passes  more  rapidly  through 
the  pores  ol'  the  bladder  into  tl^e  tube  than  the  thicker 
fluid,  the  sirup,  passa  out  of  it.  This  remarkable  phenom- 
enon is  called  Bndosmose  and  Exosmose,  the  former  term 
meaning  to  tend  inwards,  the  latter  to  tend  outwards.  In 
the  foregoing  experiment  the  water  passes  through  the 
pores  of  the  bladder  into  the  tube  by  endosmose,  and  the 
thicker  fluid  pnsBcs  out  of  the  tub9  by  cxosmose.  On 
Urn  principle  a  great  many  important  phenomena  of  nature 
may  be  explained. 


HYDBAUUCS. 

40.  Having  explained  the  leading  phenomena  resulting  from  the 
pressiure  and  weight  of  fluids  in  a  state  of  rest,  we  now  come  to  treat  of 
the  motion  of  fluids. 


Velocity  with  which  Water  spouts  out  of  a  Vessel, 

41.  When  a  hole  is  made  in  a  vessel  filled  with  water,  the  fluid  spouts 
out  in, a  jet  with  greater  or  less  velocity  according  to  the  depth  of  the 
hole  below  the  surface  of  water.  The  following  simple  law  obtains  in 
reference  to  the  efflux  of  the  water,  supposing  that  it  underwent  no  resist- 
ance from  friction  or  other  causes.  The  velocity  of  a  jet  B  or  C  (Fig. 
40)  proceeding  vertically  from  a  vessel  is  such  as 
to  cause  the  water  to  rise  up  to  the  level  of  the 
water  in  the  vessel,  as  shown  in  the  annexed  cut. 
This  seems  to  arise  from  the  principle  that  water 
alwaj's  seeks  its  level,  for  the  jet  tends  to  rise  to 
the  level  A  D  of  the  water  in  the  vessel.  Now, 
if  the  velocity  with  which  the  fluid  issues  from 
the  aperture  B  be  such  as  to  carry  the  fluid 
through  the  perpendicular  hdght  B  A  in  opposi- 
tion to  gravity,  it  follows  that  this  velocity  is  equal  to  that  which  a 
body  would  acquire  in  falling  freely  through  this  space.  Hence  we  con- 
clude that  a  fluid  issues  from  an  aperture  with  a  velocity  eqttdt  to  that 
which  a  body  wouid  acquire  in  faUing  through  a  space  equal  to  the 
depth  of  the  aperture  below  the  surface  of  the  fluid :  thus,  if  A  B  is  16 
feet,  the  velocity  of  the  jet  will  be  32  feet  per  second ;  for  this  is  the 
velocity  which  a  body  acquires  in  falling  through  the  space  of  16  feet. 
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42.  In  Fig.  41  the  aperture  is  made  in  the  bottom  of 
the  Teasel ;  and  the  theoretical  yebdty  with  ^which  the 
irater  issues  is,  as  in  the  preceding  case,  equal  to  the  ve- 
locity which  the  fluid  would  acquire  in  fidling  freely 
down  from  m  n  to  6c. 

Now,  it  is  shown  in  mechanics  that  the  vdocxty  ac- 
quired by  a  feJling  body  is  as  the  square  root  of  the 
space  through  which  it  frUs;  therefore  the  velocity  toUh 
which  woater  apouts  out  at  any  aperture  in  a  veeeel  ie  a$ 
the  equate  root  of  the  depth  of  the  aperture  below  the  eur- 
faee  of  the  water.  It  must,  however,  be  observed  that 
thoe  are  different  obstructions  which  tend  to  modify  this  rule  in  practice. 
When  water  is  conveyed  from  a  ostein  to  any  considerable  distance  in 
pipes,  as  shown  in  the  annexed  cut, 
(Fig.  42,)  the  friction  of  the  water, 
as  it  moves  in  the  pipe,  together  with 
thfQ  obstnictionB  prtsented  by  the 
bendings,  &c,  tends  very  much  to 
retard  the  motion  of  the  fluid.  By 
the  theoretical  rule  above  given,  the 
velocity  of  discharge  would  be  due  to  the  vertical  depth  A  B  through 
which  the  water  frdls;  but,  owing  to  the  resistances  just  mentioned,  this 
is  very  far  from  being  practically  true ;  in  such  cases  the  engineer  must 
have  recourse  to  some  formula  derived  from  experiment. 

It  is  a  carious  fact  that  more  water  issues  from  a  voBsel  through 
a  short  pipe  than  through  a  ample  aperture  of  the  same  diameter  as  the 
pipe;  and  still  more,  if  the  pipe  be  fimnel-shaped,  or  wider  towards  its 
inner  extremity.  The  explanation  is,  that  the  issuing  particles,  coming 
from  all  sides  to  escape,  cross  and  impede  each  other  in  rushing  through 
a  simple  opening,  whereas  the  tube,  leading  the  water  by  a  more  grad- 
ual inclination  towards  the  point  of  exit,  considerably  prevents  the  cross- 
ing among  the  particles. 

To  regulate  the  Supply  of  Water. 

43.  When  water  is  conveyed  by  pipes  to  cisterns,  it  is  necessary  that 
no  more  water  should  flow  into  the  cistern  than  is  required.  This  ad- 
justment is  effected  by  a  simple  and  ingenious  contrivance  called  the 
Jloat  cock.  Fig.  43,  P  represents  a  pipe 
conveying  water  to  the  cistern  A ;  B  is 
a  hoUow  bell  of  metal,  called  the  float, 
which  is  connected  with  a  cock  C,  open- 
ing and  closing  the  pipe  in  such  a  man- 
ner that  when  the  float  is  raised  the  cock  

i^.43. 
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stopB  the  passage  of  the  Trater,  and,  on  the  contrary,  when  the  float  is 
depressed,  the  cock  allows  the  water  to  flow  through  it.  Now,  when 
there  is  a  deficiency  of  water  in  the  cistern,  the  cock  C  is  open  and  a 
fresh  suxjply  is  allowed  to  run  in ;  but  as  the  water  rises,  the  float  B  by 
its  buoyancy  also  rises,  and  at  length  turns  the  cock  so  as  to  stop  the 
supply  of  water ;  again,  when  water  is  taken  out  of  the  cistern,  the  float 
falls  with  the  water,  and  at  length  opens  the  cock,  which  admits  a  fresh 
supply  of  water ;  and  so  on. 

Springs  and  Artenan   WeUs. 

44.  Springs  are  formed  by  the  rain  and  moisture  which  fall  upon 
hills  and  mountains.  The  upper  crust  of  moimtains  is  usually  composed 
of  loose,  porous  layers  of  substances  which  allow  water  to  pass  through 
them,  and  also  of  layers  of  clay  and  solid  substances  which  are  imper* 
yious  to  water.  Let  the  accompanying 
cut  (Fig.  44)  represent  the  section  of  a 
mountain  or  hill,  where  A  is  composed  of 
loose  or  porous  substances,  e  a  layer  of  day 
or  some  substance  which  stops  the  descent 
of-the  water ;  then  the  water  which  filters 
through  A  will  run  along  the  top  of  c 
until  it  is  discharged  at  F  in  the  form  of  i^-  ^4- 

a  natural  spring  or  fountain ;  B  is  com- 
posed of  loose  or  porous  substances ;  D  some  substance  which  stops  the 
descent  of  the  water ;  to  is  an  artesian  weU,  or  vertical  hde,  which  has 
been  bored  by  workmen,  and  metal  pipes  put  down  it ;  now,  the  rain 
water,  together  with  the  water  which  arises  from  melting  snow  and  ice, 
sinks  through  B  and  fiows  along  the  surfisu^  of  D  until  it  finds  a  Tent 
up  the  pipes  forming  the  artesian  well  to.  Let  us  further  suppose  that  6 
is  a  rent  or  fissure  in  which  water  is  collected ;  then  the  height  to  which 
the  water  will  rise  in  the  well  w  will  be  on  the  same  level  with  the  water 
in  the  fountain  b. 


Canals  and  Locks* 

45.  Canals  are  artificial  streams  of  water,  upon  which  barges  are 
floated  for  the  purpose  of  conveying  heavy  goods  from  one  jdaoe  to 
another.  The  water  in  canals  is  usually  obtained  from  springs  or  from 
some  neighboring  river.  In  order  that  the  barges  may  sail  with  equal 
ease  in  both  directions  of  the  canal,  it  is  requisite  that  the  surface  of  the 
water  should  be  level;  to  accomplish  this,  the  canal  is  sometimes  carried 
over  valleys  by  means  of  bridges  and  embankments,  and  sometimes  it  is 
even  made  to  pass  through  hiUs  by  means  of  tunnels ;  but  the  most 
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«ynit>fm  contiLvance  for  maintaining  the  level  of  suzface  is  that  of  locka 
or  floodgates.     Fig.  45  lepre- 

aents  a  section  of  a  locsk,  made  ^T=fi  ^  Ha  _  ci 
at  a  place  where  there  Is  a  sud- 
dea  iall  of  the  ground  along 
nrhich  the  canal  has  to  pass: 
A  B  and  C  D  are  the  two  gates 
which  completely  intercept  the 
coarae  of  the  water,  but  at  the 

same  time  admit  of  being  opened  and  dosed;  A  H  is  the  level  of  the 
water  in  that  pert  of  the  canal  lying  above  the  gate  A  B,  and  F  G  the 
level  lying  below  the  gate  C  D ;  now,  when  a  barge  is  about  to  pass 
from  A  H  to  F  G,  a  side,  sluice^  not  shown  in  the  figure,  is  first  opened, 
"lidiich  allows  the  water  to  flow  from  A  H  into  the  space  A  E  F  C  be- 
tween the  gates  until  it  attains  the  common  level  H  A  C ;  the  gate  A  B 
is  then  opened,  and  the  barge  floats  into  the  space  between  the  gates.; 
the  gate  A  B  is  now  closed,  and  a  side  sluice  is  opened,  which  allows  the 
water  to  flow  from  the  space  A  £  F  C  until  it  comes  to  the  common  level 
£  F  G ;  the  gate  C  D  is  then  opened,  and  the  barge  floats  out  of  the 
lodes  along  the  canaL  It  is  easy  to  see,  by  revening  the  steps  of  this 
process^  that  the  barge  m^ty  be  floated  in  the  contrary  direction.  A 
hone,  moving  along  the  side  of  the  canal,  is  tisually  employed  to  pull 
the  barge  through  the  water. 
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Water  Wheels,  Sfc* 


46.  Fig.  46  represents  an 
tmderihot  wheel,  turning  on 
the  axle  A ;  M  N  is  a  cur- 
rent of  water,  which,  striking 
against  thejioat  boards,  causes 
the  whed  to  revolve  on  its 
axle  A  ;  on  this  axle  is  fixed 
the  toothed  whed  which  drives 
the  machinery. 

In  Foncelef  8  undershot 
wheel  the  float  boards  are 
curved  towards  the  direction 
of  the  current,  so  that  the 
water  roUs  up  their  surface^ 
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all  its  wori:  U  i^ent  upon  tlie 


Fig.47« 
uAm^  turning  on  its  cenlte  O ; 
E  F  h  a  UKom  tf  woUt  flow- 
iog  oT«  the  tqi  rf  tlie  wheA 
into  the  buckets  e  d,  &c.  fixed 
iqMn  the  rin)  of  the  wheel ;  the 
erority  of  the  wtoer  in  theM 
bucket!  ouiaei  the  ti^  hand 
Bide  A  B  C  of  the  nheel  to  be 
heavier  thjin  the  otha-  nd^ 
ichixe  the  buckcM  an  empty, 
being  all  turned  upmde  down ; 
hence  the  wheel  idnlvea  in  the 
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diroctioa  ABC.  Let  e  n  <md  d  h  be  perpendiculan  let  &U  from  the 
centres  of  gravity  of  the  water  in  the  two  buckets  e  and  d  respectiTely  ; 
then  O  in  will  be  the  leverage  of  the  water  in  the  bucket  c,  and  O  n 
that  of  the  bucket  d;  the  bucket  B,  in  the  homontal  luie  0  B,  will 
have  the  greats  leverage,  and  conaequently  will  act  with  the  greateet 
cfflciency  in  moving  the  wbeeL  A»  the  buckets  descend  below  B,  they 
not  only  act  nith  a  decrcamng  leverage,  but  the  water  which  they  con- 
tun  is  eontinually  flowing  out  of  them  until  they  arrive  at  C,  when  they 
become  completely  empty. 

Sarktr'a  MU. 
47.  This  dmjde  and  degant  engine 
19  moved  by  the  efflux  of  water  undo 
going  pressure.  C  D  is  a  hollow  cylin-  , 
der  turning  on  a  vertical  axis;  A  B  is 
a  honzootal  cylinder  communicating 
internally  with  the  fcnner ;  at  the  ex- 
tremities of  this  hmizontal  cylinder  two 
apertures  A  and  B  are  toadc  in  the 
Bides,  oponing  in  oppoiilt  directions. 
On  the  continuation  of  the  vertical 
axis,  the  upper  millstone  S  is  fixed,  and 
therefore  revolves  with  it ;  H  is  the 
hopper  delivering  the  c( 
A  continuous  stream 
through  the  pi] 


ito  begimmd. 
:   water  fiow» 
0  the  cylinder 
C  D.    Let  ns  mippoee  that  the  cylind^ 
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C  D,  with  itB  horizontal  farasch  A  B,  to  be  filled  with  water ;  then  the 
jaoBBore  of  this  wilninn  of  fluid  will  cause  the'  water  to  be  projected  in 
jets  from  the  orifices  A  and  B  in  ofipoaite  directions ;  then  the  recoil  or 
leactJoQ  of  these  jets  upon  the  extremitieB  of  A  and  B  gives  a  rotatory 
Bfltioii  to  th0  whole  mafihine  upon  the  vertical  axis. 

Or,  to  take  another  view  of  the  principle  of  action  In  this  machine : 
if  the  orifices  at  A  and  B  were  dosed,  the  odunm  of  fluid  in  the  vertical 
tube  C  D  would  press  equally  on  both  sides  of  the  horizontal  tube  A  B ; 
but  whor  the  orifioes  A  and  B  are  opened,  the  pressure  on  these  parts  is 
released,  while  the  pressure  upon  the  sides  opposite  to  them  remains  the 
same ;  hence  the  tube  A  B  revolves  in  the  direction  of  the  greater 
pressure —  that  is,  in  a  direction  contrary  to  that  of  the  jets  of  watet. 

77ie  Archimedean  Screw. 

48.  This  simple  and  beautiful  contrivance  for  nusing  water  was  in- 
vented by  the  great  Archimedes.  It  simply  consists  of  a  pipe  wound, 
in  a  spiral  -form,  about  a  solid  cyl- 
inder A  B,  which  is  made  to  revolve 
on  its  axis  by  means  of  the  winch 
H.  The  lower  orifice  a  of  the 
^•iial  tube  dips  into  the  water  to 
be  raised,  and  it  is  discharged  at 
the  uppa  orifice.  As  the  cylinder 
is  turned  round,  the  water,  which 
enters  the  orifice  a  at  each  revolu- 
tion, runs  down  a  series  of  inclined 
planes,  imtil  it  flows  out  at  the 
upper  orifice.  In  order  to  illustrate 
this  action,  let  a  marble  be  put  into  jcv^  ^g 

the  pipe  ait  a,  then  as  the  cylinder 
is  turned  round,  the  marble  will  continue  to  roll  down  a  succession  of 
inclined  planes  (formed  at  each  revolution  of  the  cylinder)  until  it  is 
discharged  at  the  upper  orifice. 

•i 

EXBKCXSES  ON   HtDBOSTATICS  AND  HtDBAULXCS. 

1.  In  Fig,  D,  Art.  11,  suppose  the  lafge  piston  P  to  contain  40  square 
inches,  and  the  small  one,  p,  2  square  inches ;  what  upward  pressure 
will  be  produced  upon  the  large  piston  by  a  downward  pMssure  of  14 
lbs.  exerted  upon  the  small  one } 
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FlQBBUxe  on  2  in.  of  the  piston  =:  14  lbs. ; 

««  1  in.  *•        s=  y  =  7  lbs. ; 

«         40  in.  «        =40  X  7  =  280  lbs. 

2.  Required  tlie  same  as  in  the  last  example,  when  the  surfiice  of  the 
large  piston  is  25  inches,  that  of  the  small  one  3  inches,  and  the  preasure 
applied  to  it  30  lbs.  Am,  250  lbs. 

3.  In  Fig.  11,  Art.  13,  let  the  area  of  the  base  D  C  contain  4  square 
feet,  and  let  the  depth  of  the  water  G  0  be  5  feet :  required  tl^^pressure 
on  the  bottom  of  the  vessel.  Ana,  20,000  oz.,  or  ifto  lbs. 

4.  In  the  hydrostatic  bellows,  (see  Fig.  18,  Art.  16,)  the  upper  board 
A  contains  2  square  feet  of  surface,  and  the  height  of  the  water  in  the 
tube  6  c  is  4  foet :  required  the  weight  W  which  will  be  supported  on  the 
belloirs.  Ana.  8000  oz.,  or  500  lbs. 

5.  In  a  flood  gate  (see  Fig.  23,  Art.  21)  A  Q  D  G,  let  the  breadth 
A  Q  =  5  feet,  the  depth  A  G  or  £  F  =  6  feet :  required  the  position  of 
the  centre  of  preeeure,  and  also  the  pressure  of  the  water  upon  the  gate. 

Ana,  The  centre  of  pressure  is  two  feet  from  the  bottom ;  and  the 
whole  pressure  is  5625  lbs.  ^ 

6.  In  finding  the  specific  gravity  of  a  liquid,  (see  Art.  26,)  suppose 
the  weight  of  the  empty  bottle  to  be  300  grains,  the  weight  of  the  bottle 
filled  with  water  to  be  900  grains,  and  the  weight  of  the  bottle  filled 
with  the  liquid  to  be  700  grains :  required  the  specific  gravity  of  the 
liquid.  Ana.  ),  or  666  +. 

7.  The  weight  of  a  solid  body  is  300  grains,  but  its  weight  in  water  is 
250  grains :  required  the  specific  gravity  of  the  body.    (See  Art.  27.) 

Ana.  6. 

8.  A  solid  body  lost  40  grains  when  weighed  in  water,  and  70  grains 
when  weighed  in  oil  of  vitriol :  required  the  specific  gravity  of  the 
vitriol.    (See  Art.  28.)  Ana.  1|. 

9.  In  finding  the  specific  gravity  of  a  liquid'  by  Nicholson's  Hydrom- 
eter, (see  Art.  30,)  let  the  weight  of  the  instrument  be  3000  grains,  and 
let  the  weight  put  in  the  dish  C  (to  sink  the  instrument  to  the  mark  a 
when  floated  in  the  liquid)  be  1400  grains :  required  the  specific  gravity 
of  the  liquid.  Ana,  1.1. 

10.  A  cubical  piece  of  wood,  whose  side  is  2  feet,  sinks  to  the  depth 
of  li  feet  when  floated  on  waObr :  required  the  specific  gravity  of  the 
wood.    (Sec  Art  34.) 

Here  the  wood  contains  8  cubic  feet ;  and  the  volume  of  the  water  dis- 
placed =  2X2Xli  =  6  cubic  feet.    Now,  the  weight  of  this  displaced 
water  is  6000  oz.,  but  this  is  also  the  weight  of  the  fioating  body ; 
Weight  of  8  c.  ft.  of  the  wood  =  6000  oz. ; 

"         left.  "  =6000 

— - — =7o0oe.; 
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But  the  weight  of  1  c  ft.  of  water  is  1000  oz. ; 

Specific  gravity  of  the  wood  =__j=.75. 

1000 

This  resalt  might  at  once  be  obtained  by  dividing  the  depth  of  im- 

moaott  by  the  whole  depth  of  the  body  :  thus,  4.|.  =  J,  or  .7o. 

11.  Required  the  same  as  in  the  last  example,  when  tiie  side  of  the 
oabe  is  1  foot,  and  the  depth  of  immersion  8  indies.  Ana,  $. 

12.  With  what  velocity  will  water  issue  from  an  orifice  made  at  the 
dfpth  of  4  feet  below  the  level  of  the  fluid  ?    (See  Art.  42.) 

Ana,  16  ft.  per  second. 
Here  it  will  be  observed  that  a  body  will  fall  through  4  ft.  in  i  of  a 
Booond. 

13.  Required  the  same  as  in  the  last  example,  when  the  orifice  is  64 
feet  bdow  the  level  of  the  fluid.  Aiu,  64  feet  per  second. 

9 


PNEUMATICS. 

1.  Pneumatics  is  that  part  of  Natural  Philosophy  which 
treats  of  the  motion  and  pressure  of  aeriform  or  elastic  fluids, 
such  as  the  air  which  forms  the  atmosphere. 

2.  The  atmosphere  every  where  surrounds  the  globe^  and 
extends  to  the  height  of  about  fifty  miles  above  the  tops  of 
our  highest  mountains.  Although  the  air  is  invisible,  and 
seems  as  nothing  to  the  vulgar  eye,  yet  it  is  a  material  snb- 
stance,  possessing  all  the  essential  properties  of  matter  in 
common  with  solid  and  liquid  bodies. 

3.  Air  retards  the  motion  of  bodies. 

Thus,  when  a  flat  board  is  rapidly  moved  through  the  air,  a  oonddcr- 
able  resisting  ibrce  is  felt;  and  it  is  well  known  that  the  velocity  of 
railway  trains  is  much  affected  by  the  resistance  of  the  air.  TVindB,  air 
in  motion,  drive  our  ships  through  the  ocean,  and  perform  useful  labor 
in  our  wind  mills.  The  air,  driven  on  with  terrific  violence  by  the  hur- 
ricane or  the  tomado^  sweeps  over  the  earth  and  carrioB  desolation  and 
ruin  to  the  abodes  of  man.  The  air,  in  the  storm  and  tempest,  lifts  up 
the  mountain  billows  of  the  deep,  and  dashes  in  pieces  the  stately  bark 
as  she  bears  to  our  shores  the  wealth  of  other  lands.  It  is  plain  that  the 
agent  which  is  capable  of  producing  such  effects  must  be  nuUeriaL 

4.  The  air,  like  all  material  bodies,  is  impenetrable  ;  that  is 
to  say,  the  space  occupied  by  air  cannot  contain  any  otlier 
body  at  the  same  time. 

EXPERDCERTS. 

Exp.  1.  Invert  a  tall  glass  A  over  water,  as  in  the 
accompanying  cut ;  the  water  does  not  rise  completely 
within  the  glass  on  account  of  the  air  which  is  in 
it.  To  render  the  experiment  more  apparent,  a  small 
cork  is  placed  upon  the  water. 

This  experiment  also  shows  the  elasticity  of  the  air ; 
for  as  the  glass  is  pressed  down,  the  air  that  is  in  it 
occupies  less  and  less  space,  and  the  force  requisite  to 
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k«p  the  gliB  down,  or  to  balance  the  dottic  lone  of 
with  the  dcCTwno  (f  the  bnlk  of  Uieaiiin  tbeglan. 

Exf.2.  Fin  &  large  bottle  with  water  ; 
blow  air  into  the  bottle  by  mesna  of  a 
bat  tubi^  aa  shown  in  the  figure;  in 
Oat  aae,  the  air  di^laea  the  water. 

fined  bom  one  Tcsel  to  another.     Hire 
&  (f^.  3)  leprcKnti  a  rescl  filled  with 
water,  and  hanng  ita  open  mouth  inycn- 
ed  in  the  aame  fluid ;  e  ii  aiiolha  vend 
(tf  e  ia  brought  to  tlie  mouth  of  A,  and  aa  the  upper 
Old  of  e  ia  depiaacd,  the  air  riaea  in  bubbles  into 
the  Tcaacl  ft,  and  diiploco  the  water ;  thus  all  the 
air  in  the  vrsBGl  a  may  be  banfifcnsd,  without  any 
kiB,  into  the  ve«d  b. 

It  vUl  be  boeafter  explained,  that  the  wato'  la 
•ttstioDed  in  i  by  the  prt«ure  of  the  atmoapherc 

Exp.  3.  Take  a  bent  tube  of  glass,  open  at  both 
cztranitica ;  place  the  fore  finger  on  the  extremity 
BtandpouTwnto'Iiito  A;  the  iluid  docs  not  fi]l  tbe 
tmtdi  B  on  account  of  the  ut  which  it  contains. 
Take  sway  the  finger :  then  the  air  is  displaced  from 
B,  end  the  water  stands  at  the  uune  level  in  both 
teanelKeof  the  tube 

5.  Air  bos  weight. 

Exp.  Take  a  Fhtcnce  flatk  F,  having  a  stop  code  S  attached  U 
exbauet  the  air  from  it  by  means  of  an  exhausting  oyiingc,  (sec  Art.  It 
weigh  the  bottle  thus  exhausted  of  oir ;  open  the  cock,  and 
alkii*  the  external  ab  to  fill  the  bottle ;  the  scale  on  which  the 
bottk  is  placed  will  pitpondctatc,  and  it  will  requite  about 
oat  pom  jweight  wdght  to  reMore  the  balance.  This  is  the 
weight  of  the  air  in  the  bottle. 

Haring  tcnmd  the  wraght  of  any  known  bulk  of  air,  the 
wdgbt  of  any  other  bulk  of  it  may  be  easily  determined.  For 
cxatnplE^  stippagc  that  the  bottle  contains  60  cubic  inches  of 
air,  and  that  its  weight  is  IS  grains:  let  it  be  required  to  find 
the  wii^  of  100  cubic  inches. 


Weight  60  c  in.  of  a 


■=l8p 
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The  weight  of  100  cubic  inches  of  atmospheric  air,  at  a  mean  temper- 
ature, has  been  found  to  be  31.01  grains.  From  this  it  follows  that  a 
cubic  foot  of  air  toeighs  more  than  an  ounces  and  that  water  is  about 
eight  hundred  times  the  weight  of  an  equal  bulk  of  air. 

6.  Light  bodies  float  in  the  air  in  the  same  way  as  a  piece  of  cork 
floats  in  water :  thus  soap  bubbles,  balloons,  ckmds,  and  smoke  float  in 
the  air.  Now,  when  a  body  floats  in  a  fluid,  it  is  lighter  than  that  fluid ; 
the  air,  therefore,  is  heavier,  bulk  for  bulk,  than  balloons  or  any  of  those 
bodies  which  float  in  it. 


PRESSURE   OF  THE  AIR. 

7.  The  air,  like  all  other  material  substances,  gravitates 
towards  the  earth;  from  this  it  necessarily  follows  that  the 
atmosphere  must  exert  a  pressure  upon  all  terrestrial  bodies, 
and  moreover  that  the  pressure  on  any  given  surface  must  be 
equal  to  the  weight  of  the  column  of  air  above  that  surface. 
Air,  being  a  fluid,  presses  equally  in  all  directions.  (See  Hy- 
drostatics, Art.  9.) 

The  fact  of  atmospheric  pressure  is  clearly  established  by  the  following 
easy  experiments :  — 

EXPEBIMENTS. 

Exp.  1.  Take  a  glass  tube,  open  at  both  ends,  and  fit  a  plug  or  piston 
P  to  it,  by  wrapping  some  cotton  round  the  end  of  a  wire ;  insert  the 
lower  extremity  of  the  tube  in  water,  as  shown  in  the 
figure ;  raise  the  piston  :  the  water  rises  in  the  tube  by 
the  pressure  of  the  atmoephcrc  upon  the  surface  H  R  of 
the  water  in  the  vessel.    • 

This  experiment  explains  the  principle  of  the  common 
syringe.  Push  the  piston  P  (Fig.  7)  to  the  bottom  of  the 
barrel ;  insert  the  nozzle  O  into  some  water,  and  then 
raise  the  piston :  the  water  rises  into  the  syringe  by  the 
pwBure  of  the  atmosphere.  When  the  pstaa  i.  farced  "7^ 
downwards,  the  water  escapes,  through  the  orifice  O,  in 
the  form  of  a  jet.  Close  the  orifice  O  with  the  finger,  and  then  raise 
the  ]ttston  ;  a  vacuum  is  formed  beneath  the  pston. 

Exp,  2.  Close  one  end  of  a  small  tube  with  the  fore  finger,  and  then 
fill  it  with  water ;  inrert  the  tube  so  as  not  to  spill  any  of  the  fluid :  the 
water  remains  in  the  tube.  Here  the  water  would  fidl  out  of  the  tube 
by  its  weighty  if  the  upward  pressure  of  the  ttanaspbae  did  not  BnBtai& 
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it.    Hie  finger,  placed  upon  the  top  of  the  tube^  takes  off  the  ptessure 
d  the  air  from  the  upper  mxrbice  of  the  water,  while  the  upward  pressure 


Fiff.  8. 


« 
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of  the  atmosphere  upon  the  under  surface  of  the  water  sustains  the  fluid 
in  the  tube  in  opposition  to  its  gravity.  Take  away  the  finger,  and  then 
the  water  descends  by  its  own  weight ;  for  in  this  case,  the  air 
presses  upon  the  upper  surface  of  the  water,  as  well  as  upon  its 
lower  surface. 

Exp.  3.  Fill  a  yery  smaU-neckcd  bottle  \iith  water ;  cautiously 
invert  the  mouth  of  the  bottle :  the  water  lemams  suspended  in 
the  bottle  by  the  upward  pressure  of  the  atmosphere. 

Exp.  4.  Fill  a  wine  glass  with  water,  and  cover  the  mouth 
with  a  piece  of  paper ;  place  the  hand  over  the  paper,  and 
invert  the  glass ;  take  the  hand  carefully  away :  the  water 
remains  suspended  in  the  glass  by  the  atmospheric  pressure. 

Exp.  5.  The  bent  tube  A  B  is  closed  at  the  extremity  A, 
and  open  at  B.  Fill  the  tube  with  water  or  mercury,  as 
shown  in  the  figure,  then  the  fluid  wUl  be  supported  in  the 
branch  A  by  the  pressure  of  the  air  on  the  siirfacc  of  the 
fluid  at  B.  A  tube  of  this  kind,  known  by  the  name  of 
Cooper's  Tube,  is  frequently  used  in  experimental  chemistry. 

The  bird  fountain  and  ihefoutUain  ink  bottle  depend  upon 
the  same  principle.  In  Fig.  12,  A  represents  the  liquid  in 
the  fountain,  and  B  the  liquid  in  the  cup.  As  the  liquid  is 
taken  from  the  cup,  an  equal  portion  descends  from  the  foun- 
tain, to  supply  the  place  of  that  which  is  taken  away. 

Bxp.  6.  The  common  sucker  ai&rds  a  simple  and  beautiful 
illustration  of  the  pressure  of  the  atmosphere.    Observe  that  the  wetted 

9* 
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piece  of  leather,  or  sucker,  is  raised  in  the  middle,  by  the  string  attached 
to  that  part ;  this  fonns  a  hoUow  spaccv  or  Tacuum,  between  the  central 


Fig.  12. 


Fig.lZ. 


portion  of  the  sucker  and  the  stone ;  the  pKessure  of  the  atmosphere, 
therefore,  presses  the  stone  upwards  against  the  sucker.  The  stone  foils 
the  moment  a  hole  is  made  in  the  central  part  of  the  sucker. 

In  this  manner  limpets  stick  with 
such  force  to  the  rocks ;  and  on  the 
rame  principle  flies  walk  on  the  ceiHng, 
for  they  have  the  power  of  forming    '     '""  '"^J 
their  little  feet  into  sucken.  Fig,  14. 

Exp.  7.  Take  a  pair  of  common  bd- 
lows ;  observe,  while  you  raise  the  top  board  A,  that  the  TalTe  v  opens, 
in  consequence  of  the  external  air  rushing 
in  to  fiU  up  the  void ;  and  observe,  while 
you  depress  the  top  board,  that  the  valve  v  is 
dosed,  and  the  air  is  propelled  through  the 
nozzle  n  with  oonsiderable  force*  in  oonse- 
quenoe  of  the  elasticity  of  the  compressed 
air  within  the  bdlows. 

Exp.  8.  Take  a  glass  tube,  about  32  inches 
long,  closed  at  one  extremity ;  fill  the  tube 
with  mercury,  apply  die  finger  to  the  open 
end,  and  immerse  it  in  a  cup  of  mercury ; 
bring  the  tube  to  an  erect  position,  as  shown 
in  the  accompanying  figure:  a  column  of 
mercury  about  30  inches  high  remains  sup- 
ported in  the  tube  by  the  pressure  of  the 
atmosphere  upon  the  surface  of  the  mercury 
in  the  cup.  The  space  in  the  upper  port  of 
the  tube  is  a  vacuiun. 


a 
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Tbis  rrmiiAahte  czpcriment  was  first  made  by  TorricdH,  -who  was  a 
pupil  of  the  celdffatod  Galileo^  and  bcoce  it  has  been  called  the  Torri- 

8.  The  average  pressure  of  the  air  is  15  lbs.  per  square 
inch. 

The  oohimn  of  mercuiy  which  bahinces  the  pressure  of  the  air  is  csti- 
mated  from  o  to  n»  (see  Pig.  15 ;)  that  is,  it  is  equal  to  the  height  of  the 
mocury  in  the  tube  above  the  hnrel  of  the  mercury  in  the  cup.  As  this 
eohmm  of  mercury  balances  the  presBure  of  theair,8o  thcarefore  the  weight 
of  the  mercuTy  in  the  tube  is  equal  to  the  pressure  of  the  air  upon  a 
sorfiMse  equal  to  the  internal  section  of  the  tube.  (See  Hydbostatics, 
Art  15.)  For  examiJe,  let  the  internal  section  of  the  tube  be  1  square 
inch,and  the  height  of  the  oolumn  of  mercury  o  »  30  inches;  then  there 
win  be  30  cubic  inches  of  mercury  in  the  tube ;  now»  1  cubic  inch  of 
mcnmry  weighs  very  nearly  half  a  pound ;  therefore  the  weight  of  the 
mercury  in  the  tube  will  be  16  pounds ;  but  this  weight  of  mercury  bal- 
ances the  pressure  of  the  air  exerted  on  1  inch  of  sur&ce;  therefiore  the 
pwMBure  of  the  air  upon  1  inch  of  sui&ce  is  about  15  pounds. 

The  height  of  the  oohunn  of  mercury  is  not  affected  by  the  size  of  the 
tube ;  for  if  the  section  of  the  tube  were  2  inches,  in  the  place  of  1,  the 
wdgjht  of  the  mercury  would  be  doubled ;  but  the  pressure  of  the  air, 
in  this  casc^  would  also  be  douhled»  inasmuch  as  it  would  act  upon  2 
inches  of  surfiice^  in  the  place  of  1. 

The  pressure  of  the  air  will  support  a  much  longer  column  of  water 
than  of  moKcury ;  for  water  being  about  13^  times  lighter  than  mercury, 
the  oolumn  of  water  must  be  13i  times  the  length  of  the  column  of 
mercury  to  produce  the  same  amount  of  pressure.  (See  Htdbobtatics, 
Art.  2o,  Exp.  2.)  Now,  we  have  seen  that  it  takes  about  30  inches  of 
merouiy  to  balaoice  the  pressure  of  the  air ;  therefore  it  will  take  13|| 
times  30  inches,  or  aboat  34  foct  of  water,  to  balance  this  pressure ;  that 
is  to  say,  upon  an  average,  the  preuwre  of  the  air  u  able  to  ntstain  a 
eoltann  of  water  34  feet  high.  Hence  it  is  that  water  cannot  be  raised 
higher  than  34  foet  by  the  common  pump. 

9.  The  pressure  of  the  atmo^ere  on  our  bodies  is  essential  to  health ; 
for  it  countcrt)alanceB  the  pressure  of  the  fluids  within  us,  and  thereby 
gives  a  spring  and  elasticity  to  their  motion.  When  the  weight  of  the 
air  is  taken  away  flxMn  any  pert  of  our  bodies,  the  inteinal  pressure  of 
the  blood  causes  those  parts  to  swell  out ;  hence  it  is  that  persons  expe- 
rience an  unpleasant  sensation  when  they  oscend  a  high  mountain. 
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The  Barometer. 

10.  The  Torricelliaii  experiment  not  only  exhibits  the  principle  of  the 
barometer,  but  also  shows  the  manner  in  which  it  is  made.  It  has  been 
found  that  the  pressure  of  the  atmosphere  is  not  always  the  same ;  some- 
times it  will  support  a  column  of  mercury  equal  to  31  inches,  whereas 
at  other  times  it  will  only  support  a  column  of  28  inches.  Now,  the 
barometer  is  an  instrument  contrived  to  measure  the  weight  or  pteasure 
of  the  air  at  any  time ;  in  order,  therefore,  to  enable  us  to  see  the  height 
of  the  mercury  in  the  tube,  there  is  a  scale  placed  at  the  upper  end  n 
(see  Fig.  Id)  giving  the  distance  from  the  surface  of  the  mercury  in 
the  cup. 

If  a  barometer  be  taken  to  the  top  of  a  mountain,  the  mercury  in  the 
tube  will  fall ;  because,  as  we  ascend  above  the  level  of  the  sea,  the  pres- 
sure of  the  atmosphere  becomes  less  and  less.  In  this  way  the  barometer 
is  sometimes  used  to  determine  the  height  of  mountains.  It  is  also  used 
as  a  weather  gauge ;  for,  when  the  air  is  dense  and  heavy,  the  mercury 
in  the  barometer  stands  high ;  and  in  such  states  of  the  atmosphere  we 
generally  have  fine,  clear  weather ;  but,  on  the  contrary,  when  the  air 
becomes  rare  and  light,  the  mercury  in  the  barometer  foils,  and  then  we 
are  likely  to  have  rainy  or  stormy  weather. 

A  barometer  tube  is  sometimes  attached  to  air  pumps,  for  the  purpose 
of  indicating  the  degree  of  exhaustion  produced  in  the  receiver. 


The  Siphon. 

11.  lliis  instrument  is  used  for  draw^ing  off  liquids  from  vessels  which 
it  would  be  inconvenient  to  move  fit)m  the  place  where  they  stand.  It 
simply  consists  of  a  bent  tube  BAG  having  one  branch  A  B  longer  than 
the  other  one  A  C. 

Experiment.  —  Fill  the  bent  tube  BAG  with  wa- 
ter ;  place  a  finger  on  B,  and  another  on  G ;  invert  the 
tube,  and  immerse  the  short  leg  in  the  water ;  take 
away  the  finger :  then  the  water  immediately  runs  in  a 
stream  from  the  orifice  B.  Hold  the  vessel  in  such  a 
position  as  to  bring  the  orifice  B  on  a  level  with  G : 
the  water  then  ceases  to  flow. 

The  principle  of  the  siphon  is  exceedingly  simple : 
the  column  of  water  A  B  being  longer,  and  of  course 
heavier,  than  the  column  A  G,  the  fluid  necessarily 
flo\**s  in  the  direction  of  tlie  greater  pressiux*.  At  the 
same  time,  it  is  to  be  observed  that  the  pressure  of  the  atmosphere,  tend- 
ing to  force  the  water  up  the  leg  G  A,  is  the  same  as  that  which  is  tend- 


Fig.  16. 


raeniuTics.  lOo 

tag  to  taoB  the  water  up  the  1^  B  A,  n  that  the  one  enctly  balanras 
the  other,  mud  thaefcre  the  water  is  left  to  deKcnd  bjrita  eiceta  of  grai- 
itjr  in  the  1^  A  B. 

Intermitting  Springs. 

12.  The  jsindple  of  the  siphan  enables  us  to  explain  the  nature  oT 
intomitting  spiogi,  or  those  B^Bings  which  oalj  flow  at  stated  periods. 
A  D  E  ttpraents  a  cavity  in  a  hill, 

which    becomes   gradually   filled 

with  wato  &T1II1  the  rain  and  snow 

dimning  tbrough  the  porous  earth 

orrockj;  ABC  is  a  siphon-shaped 

Sasnre  proceeding  fnxa  this  cavity ; 

■■  the  water  collects  in  the  cavity, 

it  riaes  higher  and  higher  in  the  leg 

A  B  nntU  it  leachea  the  level  E  B, 

when  it  begins  to  flow  ttuough  the 

tong  leg  B  C;   and  u  the  water  Fiff.  17> 

continua  to  tile  in  the  cavity,  the 

dischai^  at  C  wiU  also  increase  nntil  the  yeaxa  flows  in  a  continuous  jeL 

Now,  on  the  principle  of  the  lipbon,  the  water  will  continue  to  flow 

ftom  C  untn  the  water  in  the  cavity  niukfl  to  the  level  of  A  E,  when  the 

air  will  rush  into  the  siphon  ABC;  and  then  the  water  will  not  flow 

again  until  it  baa  reached  the  level  K  B,  so  that  the  qiring  will  appear 

to  have  reg^jlar  intervals  of  repoec 

ELASTICITY   OF  THE  AIR. 

13.  This  property  of  the  air  has  nhrady  been  explained  in  Hydio- 
■taticB,  Art  4,  and  also  in  Exp.  1.  Art.  i,  of  the  ptoent  treatise.  Tlie 
fidkvriag  simple  experiments  will  Hill  fiirthcr  elucidate  the  sul^t. 

ExPEBtMSNTS. 

E.q>.  1.  Introduce  water  into  a  Inr^,  wide-mouthed 
bottle ;  St  a  Email  glass  tube,  open  at  both  ends,  to  the 
mouth  of  this  bottle,  by  means  of  a  perforated  cork,  as 
shown  in  the  fiRUre;  blow  through  the  tube  so  as  to  in - 
crease  the  quantity  of  air  in  the  bottle  :  altiT  withdrawing 
the  mouth  the  water  will  rise  in  a  jet,  oiring  to  the  erpim- 
sive  Icrce  of  the  condensed  air  in  the  bottle. 

Exp.  2.  Fig.  19,  A  is  a  two-necked  bolUe  containing 
some  water ;  B  is  an  inflated  bladder  tied  to  one  of  the 
mouths  of  the  bottle ;  a  i  is  a  long  glass  tube  reaching  nearly 
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to  the  bottom  of  the  bottle ;  this  tube  is  fitted  air-tight 
to  the  mouth  of  the  bottle  by  passing  through  a  per- 
Ibmtcd  cork.  By  compressing  the  air  in  the  bladder 
the  water  will  rise  up  the  tube,  from  the  elasticity  or 
pressure  of  the  condensed  air  in  the  bottle. 

Exp.Z.  The  following  instructiTe  experiment  affords 
an  amusing  illustration  of  the  elasticity  of  the  air,  as 
well  as  of  the  nature  of  specific  gravity.  Fig.  20,  A  is 
a  wide-mouthed  bottle,  nearly  filled  with  water,  in 
which  some  hollow  glass  figures  having  a  hole  in  one 
foot,  called  battle  impt,  are  placed  so  as  to  float  near 
the  surface  when  filled  with  air ;  a  piece  of  bladder  is 
tied  over  the  mouth  of  the  bottle  so  as  to  exclude  the 
external  air.  Press  the  Uaddcr  with  the  fingets ;  the 
figures  descend  in  the  water ;  remove  the  pressure,  and 
they  ascend ;  and  so  on.  By  thus  alternately  raising 
and  depressing  the  fingers,  the  little  figures  may  be 
made,  as  it  were,  to  dance  up  and  down  the  fluid. 
Here  the  pressure  on  the  bladder,  by  compreasfng  the 
air  beneath  it,  produces  a  pressure  on  the  surface  of 
the  water,  and  this  causes  a  small  portion  of  the  liquid 
to  enter  the  hollow  figures,  which  increases  their  spe- 
cific gravity,  and  in  this  case,  therefore,  they  descend ; 
on  the  contrary,  when  the  pressure  is  removed  fifom 
the  bladder,  the  air  within  the  figures  regains  its  ori- 
ginal bulk,  and  tlicn  they  ascend.  On  this  principle 
fishes  are  enabled  to  rise  and  fall  in  the  water :  they 
have  a  little  air  bladder  within  their  bodies,  which 
they  contract  when  they  wish  to  descend,  and  expand  when  they  iiish 
to  rise. 

Exp,  4.  Invert  a  small  bottle,  and  introduce  so  much 
water  as  will  just  cause  it  to  float  on  thesurfitce  of  the  fluid* 
gently  depress  the  bottle  to  about  the  middle  of  the  water, 
without  allowing  any  of  the  air  to  escape :  the  bottle  sinks 
to  the  bottom,  where  it  will  remain.    In  fiict,  the  bottle  will 
only  float  near  the  surface.    Here,  when  the  bottle  is  de- 
pressed, an  additional  portion  of  water  enters  it,  in  consequence  of  the 
increased  depth  of  the  fluid  ;  by  this  means  the  specific  gravity  of  the 
bottle  is  increased,  and  hence  it  sinks. 

Exp,  6,   The  popgun  affords  a  good  illustralion  of  the  elasticity  of 
the  air. 

14.  The  elasticity  or  pressure  of  air  increases  with  tlie 
decreaFc  of  the  space  which  it  is  forced  to  occupy. 


Fig.  20. 


Fig,  21. 
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Ia  aider  to  explain  this  law,  let  P  xepresent  a  pistoii 
oompiesBing  the  air  in  the  cylinder  A  B  C  D ;  aup- 
poae  the  snifaoe  oi  the  piston  to  be  one  square  inch,  and 
that  the  atmosphefe.  exerts  a  pressure  of  15  lbs.  per 
ffjoare  inch ;  now  let  an  additional  load  or  pressure  of 
15  Iba.  be  laid  on  the  piston,  then  the  piston  will  de- 
aomd  to  a  A,  and  the  air  boieath  it  will  be  reduced  to 
one  half  its  original  Tolume  —  that  is  to  say,  air  under 
a  pretaure  of  two  atmo^piher9»  u  reduced  to  one  half  iU 
original  vobtmcn  Again,  let  twice  16  lbs.  be  laid  upon 
the  piston,  then  it  will  descend  still  fsTther,  and  the  air 
ben<»th  it  will  be  reduced  to  one  third  its  original 
space — that  is  to  say,  air  under  a  preesure  of  three  at' 
wutapheree  is  reduced  to  one  third  its  original  space  i  and  so  on.  Thus  it 
appeals  that,  as  we  increase  the  pressure  applied,  so  we  in  the  same  pro- 
portion reduce  the  space  occupied  by  the  air.  And  it  will  be  readily 
understood  that  the  pressure  which  compresses  any  portion  of  air  is  the 
measure  of  its  elasticity  or  tendency  which  it  has  to  expand. 

Hub  law  of  elasticity  was  first  proved  by  Morxiotte,  in  the  following 


Pig,  22. 


Experiment.  Take  a  bent  tube  il  E  A  B  dosed  at  B; 
introduce  a  little  mercury,  so  as  to  make  it  stand  at  the 
same  level  E  A  in  both  legs  of  the  tube ;  let  the  space  A  B 
occupied  by  the  enclosed  air  be  divided  into  equal  ports ; 
poor  mercury  into  the  tube  until  the  volume  of  air  in  A  B 
is  reduced  to  C  B ;  then  it  will  be  found  that  when  C  B  is 
one  half  A  B,  the  column  of  mercury  D  H  producing  this 
compression  is  about  30  inches,  or  a  column  of  mercury 
which  hnlanopH  the  pressure  of  the  atmosphere ;  that  when 
C  B  is  one  third  A  B,  or  when  the  volume  of  air  is  reduced 
three  times,  the  column  of  mercury  D  H  is  twice  30  inches^ 
and  so  on ;  therdiy  proving  the  law  of  elasticity  just  ex- 
plained* 


Fig.2Z, 


Variation  in  the  Density  of  the  Air, 

lo.  It  has  been  already  mentioned,  Art  10,  that  as  we  rise  above  the 
earth's  surfiico  the  air  becomes  thinner  and  thinner,  or  less  and  less  dense 
this  is  a  necessary  consequence  of  the  law  of  elasticity.  The  follow- 
ing renuirkablc  relation  between  the  density  of  the  air  and  its  height 
above  the  level  of  the  sea  deserves  to  be  cspedaliy  noticed :  as  the  eleva- 
tion above  the  level  of  the  sea  increases  in  arithmetical  pmgreflsion,  the 
density  or  prcMurc  of  the  mr  decrcofics  in  p^oamctrical  progression.  Thus, 
if  the  piewure  of  the  air  at  the  level  of  the  sea  be,  on  an  average,  15  lbs. 
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per  iqaan  inch*  thai  at  the  height  of  about  31  miles  *  it  has 
^of  15IbB.;  at  the  height  of  2  tunes  3i  miles  it  has  a  presBuxe  of  ^  of  16 
lbs. ;  at  the  height  of  8  times  3i  miles  it  has  a  pteasiire  of  f  of  16  lbs. ; 
and  so  on.  It  will  be  seen  that  te  every  suooessiTe  Si  miles  which  we 
ascend,  the  pressure  of  the  air  is  always  the  half  of  what  it  is  at  the  pre- 
ceding elevation.  This  law  would  be  stnctly  true*  if  the  atmosphere 
were  every  where  of  the  same  temperature  and  ooDtained  the  same  quaa- 
tity  of  mouture. 

BdatioiM  of  Air  to  Hsai. 

16.  When  a  body  is  heated,  it  expands  or  becomes  greater 
in  bulk ;  in  this  way,  heat  rarefies  bodies,  and  causes  them  to 
become  specifically  lighter. 

Elastic  fluids,  such  as  air,  are  more  susceptible  of  this  action  of  heat 
than  either  solids  or  liquids.  The  air  over  a  common  fire  becomes  rare- 
fied by  the  heat,  and  being  thus  rendered  specifically  lighter  than  the 
surrounding  atmosphere,  it  ascends  up  the  chimney,  and  its  place  is 
supplied  by  the  current  of  air  which  rushes  towards  the  fireplace  from 
all  parts  of  the  room,  especially  from  Ihe  openings,  or  i^nrtures  in  win- 
dows and  doors.  Thus  a  fire  creates  an  artificial  wind.  On  the  same 
principle,  the  unequal  distribution  of  heat  over  the  earth  produces  on  a 
great  scale  the  various  currents  of  air  or  winds,  which  are  every  where  felt. 

17.  The  following  simple  experiments  will  render  this  property  of  air 
more  apparent. 

EZPBBIMENTS. 

Exp,  1.  Partially  fill  a  bladder  with  air,  and  after  tying  its  mouth, 
place  it  near  a  good  fire :  the  air  within  the  blftH<iftr  expends  and  com* 
pletely  fills  it. 

Exp.  2.  Invert  a  wine  glass  in  a  basin ;  gently 
pour  hot  water  into  it :  bubbles  of  air  escape  from 
the  wine  glass,  in  consequence  of  the  expansian 
of  the  air  by  the  heat. 

Exp.  3.  Throw  a  piece  of  burning  paper  into  a 
wine  glass,  and  while  the  paper  is  still  burning, 
forcibly  dose  the  mouth  of  the  glass  with  the 
hand ;  after  a  few  seconds,  the  glass  will  be  found  Fig.  24. 

to  stick  to  the  hand  with  considerable  force. 
Here  the  heat  expels  nearly  the  whole  of  the  air  in  the  glass,  by  causing 
it  to  expand  *  after  the  air  in  the  glass  oooils,  it  oontraots,  and  then  the 

*  More  exactly,  3.42  miles. 
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prcsBurc  of  the  external  air  upon  the  outside  of  the  glass 
becomes  greater  than  the  pressure  of  the  rarefied  air  within 
the  glass. 

Ezp.  4.  Cut  a  piece  of  paper  in  the  form  of  a  spiral, 
as  in  fig.  26 ;  run  a  thread  through  the  centre  c;  sus- 
pend the  paper  by  this  thread,  and  it  will  hare  some- 
thing like  the  form  of  a  corkscrew ;  bring  it  over  the 
flame  of  a  candle :  the  suspended  paper  turns  round  in  one 
certain  direction.  Here  the  heated  air  about  the  candle 
ascends,  and  by  stiiking  against  the  surface  of  the  paper, 
causes  it  to  revolve  on  the  same  principle  as  a  toy  wind- 
milL 

ne  Exhausting  and  Condensing  Syringe, 
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Fig.  25. 


Fig.  26. 


Fig.  27. 


18.  This  instrument  is  used  for  two  pur- 
poses, viz.,  for  exhausting  air  from  a  vessel, 
and  also  for  compressing  air  into  a  vessel.  A 
section  of  this  instrument  is  represented  in 
the  accompanying  figure.  P  is  a  solid  ixston, 
working  air  tight  in  a  cylinder :  P  S  is  the 
piston  rod,  working  through  an  air  tight  collar 
8,  so  that  as  the  piston  rod  moves  up  and 
down  through  this  collar,  no  air  shall  be  al- 
lowed to  pass  through  it  into  the  cylinder;  y 
is  a  valve^  or  little  door,  opening  outwards ; 
O  is  an  open  aperture  leading  to  the  vessel 
A,  from  which  air  Is  to  be  exhausted.  Let  us  now  see  how  this  in* 
strument  exhausta  the  air  from  vessds.  First  of  all,  the  piston  P  is 
drawn  to  the  top  of  the  cylinder,  then  the  glass  globo  A,  having  a  stop 
cock  B  attached  to  it,  is  screwed  on  to  the  jnpe  O,  and  the  stop  cock  B 
IS  opened.  The  instrument  being  in  this  state,  force  down  the  piston ; 
then  the  air  beneath  it  is  driven  out  of  the  cylinder,  through  the  valve 
V,  while  the  air  in  the  globe  expands  and  fills  the  upper  part  of  the  cyl- 
inder. Raise  the  piston ;  then  the  valve  V  is  closed  by  the  pressure  of 
the  external  air,  and  a  vacuum  is  formed  beneath  it;  but  the  moment 
the  piston  P  passes  the  orifioe  O,  the  air  rubies  from  the  bottle  and  fills 
up  the  void  fonned  in  the  cylinder.  When  the  piston  is  forced  down 
again,  a  quantity  of  air,  equal  to  the  volume  of  the  cylinder,  is  again 
driven  out ;  so  that  after  this  operation  has  been  repeated  for  about  a 
dozen  times,  the  air  in  the  bottle  becomes  so  attenuated  or  rarefied,  os 
almost  to  approach  a  vacuum.  After  the  exhaustion  is  completed,  the 
oock  B  is  dosed,  and  the  globe  is  unscrewed  from  the  cylinder. 

10 
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Let  us  now  sec  how  the  instrumeut  acts  as  a  condeiuer  of  air,  Finrt 
of  all,  the  piston  P  is  drawn  to  the  top  of  the  cylinder ;  then  the  bottle 
A,  into  which  the  air  is  to  be  compressed,  is  screwed  on  to  the  pipe  Q, 
the  pipe  O,  in  this  case,  being  left  completely  open.  Force  down  jthe 
piston ;  then  the  air  beneath  it  is  driven  through  the  valve  V  into  the 
bottle.  liaise  the  piston ;  then  a  vacuum  is  formed  beneath  it,  but  at 
the  same  time  the  valve  V  is  kcf^t  shut  by  the  pressure  of  the  air  in  the 
boUlu,  so  that  no  air  can  escape  from  it ;  now  the  moment  the  piston  P 
passes  the  oriilce  O,  the  external  air  rushes  into  the  cylinder  and  tills  it. 
In  the  next  downward  stroke,  the  air  beneath  the  piston  is  again  forced 
into  the  bottle ;  so  that  at  every  downward  stroke  a  quantity  of  air, 
equal  in  volume  to  the  cylinder,  is  forced  into  the  bottle.  "When  the 
air  has  been  suiliciently  condensed,  the  cock  B  is  closed,  and  the  bottle 
is  unscrewed  from  the  cylinder.  The  bottles  used  for  holding  condensed 
air  arc  usually  made  of  metal. 


77ie  Air  Pump, 

19.  The  air  pump  is  used  for  withdrawing  the  air  iram  large  glass 
vessels,  called  receivers,  in  which  experiments 
are  performed.  The  accompanying  figure 
represents  a  common  air  pump,  with  a  suigle 
barrel,  P  ia  a  piston,  working  air  tight  in 
the  barrel  or  cylinder  11  e ;  tins  i)l'ston  has 
►  a  valve,  or  httla  door  in  it,  opening  up- 
ward-, which  allows  the  air  to  escape  out- 
wards, but  docs  not  allow  any  air  to  pass 
inwards ;  V  is  a  valve,  placed  at  the  bottom 
of  the  cylinder,  which  also  lifts  upwards; 
<;  D  E  O  is  a  pipe,  which  connects  the  cylin- 
der with  a  flat,  polished  plate  B,  on  which 
the  receiver  A  stands ;  the  bottom  of  this 
rcjcivcr  is  ground  flat,  so  that  it  may  fit  per- 
fe-iti)^  air  tight  to  tlie  plate  when  a  httle  lard 
IS  rubbed  over  it ;  K  is  a  stop  cock ;  c  is  a 
nut,  which,  behig  unscrewed,  allows,  the  ex- 
ternal air  to  enter  the  receiver ;  N  M  is  the 
mercury  gauge  for  indicating  the  degree  of  exhaustion  produced  in  the 
receiver  A ;  this  gauge  acts  on  the  same  principle  as  the  ToniceUian 
tube.     (See  Art.  10.) 

Let  us  now  see  how  the  pump  acts.  The  receiver  A,  from  which  the 
air  ia  to  be  withdrawn,  being  carefully  placed  upon  the  plate  with  a 
httle  clean  lard  rubbed  upon  it,  the  stop  cock  K  is  opened,  and  the  nut 
0  is  screwed  tightly  up.    The  instrument  being  in  this  state,  the  piston 


Fig.  28. 
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P  is  vorVed  rajridlj  up  and  down,  uiitQ  a  stilHcicnt  dcKree  of  exhaus- 
tion ij  produced  in  the  receiver,  which  b  divavi  olionn  by  the  heiglit 
X  it  ax,  whivh  the  mercury  stand;  in  the  g£''>t;>: ;  the  Mop  cock  K'ia  ■ 
(ben  cliHcd  in  order  to  cut  olt*  any  furthcc  icininunieatioti  ivith  the 
pump.  At  each  doivnward  Ktiuke  of  the  pi-stun,  tlie  valic  in  it  opens, 
nlloiviiig  the  air  beneath  it  to  escape,  while  the  valve  V  is  closed ;  on 
the  contrary,  at  each  upward  struko,  iho  valve  in  the  piston  is  closed  by 
llio  pr<S:,un!  of  the  external  uir,  whQc  the  Hii'  iu  the  receiver  lifts  up  llio 
valvu  V,  nnd  fills  up  the  vacuiun  which  woiJJ  oth(TwIse  bo  formed  be- 
neath the  joston.  Thus  a  certain  ponioii  of  the  air  remaining  in  the 
r(:iei\-er  U  always  withdrawn  at  tVLTy  doiihls  stroke,  so  that  by  contin- 
uing the  process,  the  air  in  th^  r--ceiver  at  length  becomes  so  rarefied  ns 
^nio',1  to  approach  a  vacuum. 

To  show  the  use  of  the  gauge,  let  uH 
suppose  that  the  column  of  mercury  in 
the  barometer  stands  at  the  height  of  30 
inches,  and  that  the  column  >1  N  in  the 
gauge  it  28  inches  i  then  the  dcGcicncy,  3 
ii'.chcs,  is  due  to  th^  elasticity  of  the  air  in 
the  receiver ;  and,  therefore,  since  2  is  the 
■^  part  of  30.  the  elasticity  of  the  air  in 
tlio  recdver  will  be  the  -j^  part  of  the  elas- 
ticity of  the  external  air,  ' 

20.  In  order  to  facilitate  the  exhaustion, 
oir  puinpB  arc  usually  made  with  two  cyl- 
inder!, so  that  while  one  pdnon  is  secend~ 
ing.  the  other  is  deecoiding,  and  thus  the 
process  of  exhaustion  is  continually  kept 
up.  The  pistons,  in  these  pumps,  src 
morcd  by  a  toothed  wheel,  which  is  made 
to  act  upon  racks  farmed  upon  the  piston 
rods.  The  accompanying  figure  rcprtsents 
an  air  pump  of  this  kind.  □  and  e  are  the 
t«0  barrels;  r  and  E  the  rocks  formed  on 
the  [MJton  rods  ;  II  is  the  handle  or  winch, 
whifh  gi»(B  motion  to  the  toothed  wheel 
placed  TwtWBCn  the  racks,  so  that  a  back 
and  forward  motion  being  given  to  this 
handle,  an  up  and  down  motion  is  commu- 
nicated to  the  pLstons;  A  is  the  rrccivcr,  Fig.  29. 
Handing  on  the  plate  B ;  T  is  a  table,  on 

which  the  machine  is  Hxcd ;  G  E  are  the  pillars  supporting  the  plate  B ; 
U  is  the  mercury  gauge;  and  so  on  to  the  other  parts  of  the  machine, 
as  already  described. 
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EXPETUMENTO  PRRFOUMBD   WITH   THE   AlB  PuKP. 

£xp.  1.  To  fasten  the  hand  to  a  glass  by  means  of 
the  atmospheric  pressure.  A  B  is  a  small  gloss,  open 
at  both  ends,  about  3  inches  diameter.  Place  this  glass 
over  the  hole  of  the  air  pump  plate;  lay  your  hand 
tightly  over  the  top  A ;  turn  the  handle  of  the  pump 
for  a  few  times:  the  hand  becomes  fastened  to  the 
glass  by  the  pressure  of  the  air. 

Exp,  2.  To  burst  a  bladder  by  the  pressure  of  the 
atmof^hcre.  Tic  a  piece  of  thin  bladder,  moistened  in 
water,  ovcr<  one  end  of  the  glass  used  in  the  lost  experiment ; 
after  the  bladder  has  become  dry,  it  will  be  perfectly  tight. 
Place  the  glass  on  'the  plate  of  the  air  pump;  then,  after  a 
few  turns  of  the  handle,  the  bladder  will  burst  with  a  loud 
report,  from  the  pressure  of  the  atmosphere. 

Exp.  3.  A  and  B  are  two  brass  cups,  called  Magdebourg 
hemiipherea,  which  exactly  fit  each  other  at  the  edges,  so 
that  when  they  are  brought  together  they  form  a  sphere ;  C 
is  a  pipe,  with  a  stop  cock  leading  into  the  interior  of  the 
cup  B.  Put  a  little  lard  on  the  edges  of  the  cups,  and  bring 
them  together ;  screw  them  by  means  of  C  to  the  plate  of 
the  air  pump;  exhaust  the  air  from  the  inside;  turn  the 
stop  cock  C,  and  unscrew  them  irom  the  pump ;  screw  the 
handle  D  on  at  C :  the  cups  being  now  pressed  together  by 
the  atmosphere^  will  require  a  considerable  force  to  separate 
them*. 

Supposing  the  air  to  be  completely  exhausted  from  the 
inside  of  the  cups,  and  that  their  section  contains  10  square 
inches;  then  the  atmospheric  pressure  on  each  square  inch 
will  be  about  15  lbs.,  and  therefore  the  whole  pressure  of  the 
atmosphere,  tending  to  keep  the  cups  together,  will  be  10 
times  15  lbs.,  or  150  lbs.  In  this  case,  therefore,  it  would  require  a 
weight  of  150  lbs.  to  separate  the  cups. 

Exp*  4.  He  the  mouth  of  a  little  flaccid  bladder ;  place  it  beneath 
the  receiver  of  an  air  pump ;  exhaiist  the  air  from  the  receiver:  the  air 
within  the  bladder  gradually  expands  (the  pressure  of  the  air  within 
the  receiver  being  removed)  until  the  bladder  becomes  completely  dis- 
tended ;  allow  the  external  air  to  enter  the  receiver  by  tuniing  the 
Ecrew  K,  (see  Fig.  28 :)  the  bladder  becomes  shrivelled  up  as  at  first. 

Exp.  5.  Put  a  glass  bulb  B,  blown  at  the  end  of  a  tube,  into  a  bottle 
of  water,  as  shown  in  the  figure ;  place  them  beneath  the  receiver  of 
the  air  pump ;  exhaust  the  air  from  the  receiver ;  then,  as  the  exhaustion 
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Fig,  33. 


goes  on,  the  air  in  the  bulb  will  rise  in  bubbles  through  the 
water,  so  that  the  air  in  the  bulb  will  become  rarefied,  as  well 
as  that  which  is  in  the  receiver.  When  the  bubbling  has 
ceased,  allow  the  external  air  to  enter  the  receiver  :  the  water, 
fiom  the  atmoBphcric  pressure,  rushes  into  the  bulb,  and 
nearly  fills  it. 

Exp,  6.  A  small  bottle  containing  a  bubble  of  air  is  gunk  in 
a  deep  vessel  filled  with  water,  as  in  the  accompanying  figure ; 
place  the  vessel  beneath  the  receiver  of  the  air  pump,  and  ex- 
haust the  air:  the  bottle  rises  in  the  water ;  allow  the  air  to 
enter  the  receiver :  the  bottle  sinks  to  the  bottom ;  and  so  on. 
For  an  explanation  of  this  experiment,  see  Exp.  3,  Art.  13. 

Exp,  7.  A  represents  a  receiver,  open  at  the  top,  but  which 
is  closed  air  tight  by  the  perforated  cork  k,  and  barometer  tube  *^*  * 
ah;  c  is  a  cup  of  mercury,  into  which  the  open  extremity 
of  the  tube  a  h  nearly  dips.  Exhaust  the  air  from  the 
receiver ;  depress  the  tube  a  6,  so  that  its  Extremity  may  be 
immereed  in  the  mercury ;  allow  the  external  air  to  enter 
the  receiver :  the  mercury  mounts  up  the  tube  a  b  very 
nearly  to  the  height  of  30  inches. 

This  experiment  clearly  shows,  that  mercury  is  sustained 
in  the  barometer  tube  by  the  pressure  of  the  atmosphere 
alone,  and  not  by  any  imaginary  principle,  such  as  suction 
or  nature  9  horror  of  a  vacuumt  as  the  ancient  philosophers 
supposed.     (See  Art.  10.) 

Exp,  8.  The  accompanying  figure  represents  a  piece  of 
apparatus  for  producing  a  fountain  in  a  vacuum,  A  brass 
pipe  a  e  passes  through  a  smooth  plate  B ;  this  pipe  has  a 
stop  cock  at  C,  and  a  jet  at  its  upper  extremity  e;  R  is  a 
tall  glass  receiver,  standing  on  the  plate  B,  firom  which  the 
•"air  may  be  withdrawn  by  screwing  the  extremity  a  of  the 
pipe  into  the  hole  of  the  air  pump  plate.  When  the  air 
has  been  withdrawn  firom  the  receiver  K,  it  becomes  fixed 
to  the  plate  B  ;  the  stop  cock  C  is  then  closed,  and  the  ap- 
paratus is  unscrewed  ^rom  the  pump.  Now  plunge  the 
extremity  a  of  the  pipe  into  a  vessel  of  water ;  open  the 
cock  C :  the  water  rises  in  a  beautiful  jet  within  the  receiver. 

£12^.  9.  To  transfer  a  liquid  from  one  bot-      ^    

tie  to  another.  The  bottle  A  contains  some 
colored  liquid;  the  bent \ tube  A  a  5  B, 
reaching  nearly  the  bottom' of  the  bottles,  is 
fitted  air  tight  to  the  neck  of  the  bottle  A, 
but  posses  freely  through  the  neck  of  the 
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other  (me.  Place  this  apparatus  under  the  receiver  of  the  air  pump,  and 
exhaust  the  air :  the  liquid  passes  from  A  to  B,  from  the  elasticity  of 
the  air  in  the  former.  Now  admit  the  air  into  the  receiver :  the  liquid 
i-ctums  to  the  bottle  A. 

Exp.  10.  Place  a  shrivelled  vpgi&  beneath  the  receiver  of  the  air 
pump ;  exhaust  the  air :  the  apple  gradually  becomes  plump  and  rounded, 
iix>m  the  expansion  of  the  air  within  it.  Admit  the  air  into  the  receiver : 
the  apple  becomes  shrivelled  up  as  at  first. 

Exp.  11.  Place  a  glass  of  beer  beneath  the  receiver;  exhaust  the  air 
from  it :  the  beer  foams  up  and  apxyeoxs  quite  brisk,  from  the  escape  of 
carbonic  acid  gas  which  is  in  it.  Now  admit  the  air  into  the  receiver; 
the  bubbling  ceases,  and  the  beer  appears  fiat  and  dead. 

Exp.  12.  To  show  that  air  is  contained  in  the  pores  of  solid  sub- 
stances. Put  a  piece^of  beet  root,  or  any  porous  substance,  into  a  vessel 
of  water,  and  place  it  beneath  the  receiver  of  the  air  pump;  then,  upon 
exhausting  the  receiver,  the  beet  root  becomes  covered  with  little  globules 
of  air,  which  at  once  di5{^>pea»whea  the  external  air  is  readmitted  into 
the  receiver. 

Exp.  13.  The  pressure  of  the  atmo^ere  will  ibrce  mercury  through 
the  pores  of  wood.  The  metal  plate  a  a  is  made  to  fit  the 
top  of  a  receiver;  this  plate  has  a  hole  passing  through 
it,  into  which  is  fitted  a  wooden  cup  6.  Place  the  plate  ^ 
and  cup  upon  the  top  of  the  receiver ;  fill  the  cup  h  with 
mercury,  and  exhaiist  the  air  ftom  the  receiver :  a  fine 
shower  of  mercury  falls  into  the  receiver. 

Exp.  14.  In  highly  rarefied  air,  afoatherfalU  at  guickiy  as  a  guinea. 

A  is  a  long  receiver,  placed  upon  the  plate  of  the  air 
pump ;  a  is  a  metal  plate  covering  the  top  of  the  receiver ; 
«  «  are  two  fiaps,  suspended  from  the  plate  o,  on  which  the 
feather  and  coin  are  laid;  the  wire  r  passes  through  the 
plate,  and  cairics  a  stage,  with  two  notches  in  it,  at  the  lower 
end,  for  supporting  the  flaps.  Having  turned  up  the  flaps, 
l^lace  the  feather  and  com  upon  them ;  exhaust  the  air  from 
the  receiver;  turn  the  wire  r  until  the  fiiaps  sHp  down 
through  the  notches  in  the  stage ;  the  feather  and  the  coin 
drop  at  the  same  instant,  and,  falling  with  equal  vdodtieB, 
they  reach  the  bottom  of  the  receiver  in  the  same  time. 

Exp.  16.  Air  resists  the  motion  of  machinery.  Here  a 
and  b  are  two  wheels  of  the  same  size,  turning  on  separate 
axes;  but  the  vanes  of  a  cut  the  air  edgewise,  while  the 
vanes  of  b  strike  it  breadthwise;  by  suddenly  raising  or  depressing  the 
rod  de,  SL  rapid  rotatory  motion  is  given  to  the  two  wheels ;  this  rod 
passes  through  an  air  tight  stuffing  box  e,  placed  at  the  top  of  the 
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recciTer  IL  Let  motion  be  giTcn  to  the  wkcda 
when  the  receiver  contains  air :  the  wheel  b  stopB 
much  sooner  than  a.  Now  exhaust  the  reociyer, 
and  then  set  the  wheels  in  motion ;  the  wheels 
continue  to  more  far  a  much  longer  time  than 
they  did  in  the  air ;  and  moreover  they  stop  at 
the  same  instant. 

Exp,  16.  Smoke  falls  in  rarefied  air.  Blow 
out  a  candle,  and  put  it  imdcr  a  receiver ;  the 
smoke  rises  fb  the  top.  Partially  exhaust  the 
air  from  the  receiver;  the  smoke  descends  in 
the  fluid  specifically  lighter  than  itself^ 

Exp.  17.  Weighed  in  the  air,  an  ounce  of 
cork  is  heavier  than  an  ounce  of  lead.  Balance  a  piece  of  cork  and 
lead  ih  a  small  pair  of  scales;  place  them  heneath  the  receiver,  and 
exhaust  the  air;  the  scale  on  which  the  cork  is  put  plainly  prepcnder- 
.atOB.  This  bhows  that  the  air  exerts  a  greater  force  of  buoyancy  on  the 
cork  than  it  does  on  the  lead. 

Exp,  18.  Sound  is  not  transmitted  through  highly  rarefied  air.  To 
show  this  important  fact,  a  bcU  mu^  be  placed 
upon  some  bad  conductor  of  somid,  such  as 
wool  or  horse  hair,  to  teparate  it  from  the  plate 
of  the  air  pump ;  and  the  apparatus  must  be  so 
contrived  that  the  clapper  can  be  made  to  strike 
the  bell  without  allowing  the  external  air  to 
enter  the  exhausted  receiver.  In  the  accompa- 
nying figure,  R  represents  the  receiver ;  a  the 
bell,  standing  on  the  horse  hair  cushion  ff;  c  b 
the  clapper,  which  may  be  agitated  by  the  lever 
h,  attached  to  the  rod  A  X:,  passing  t^niugh  the 
stuffing  box  9  at  the  top  of  the  receiver.  Before- 
the  air  is  withdrawn  from  the  receiver,  let  the 
clapper  be  agitatad,  to  show  that  the  sound  of 
the  bell  is  distinctly  transmitted  through  the  air  in  the  rScdver.  Now 
let  the  air  be  exhausted,  and,  during  the  process,  let  the  clapper  be  agi- 
tated fitnn  time  to  time ;  the  sound  becomes  more  and  more  feeble,  until 
it  ceases  altogether. 

^xp,  19.  Water  boils  at  a  much  lower  temperature  in  rarefied  air. 
Place  some  hot  water  beneath  the  receivert  and  exhaust  the  air :  the 
water  boils  violently.  Admit  the  air  into  the  reoerrer;  the  ebullition  in 
a  moment»ocases;  and  so  on. 

Hence  it  is  that  water  boils  at  a  much  lower  temperature  at  the  top 
of  a  mountain  than  it  docs  at  the  leyel  of  the  sea. 
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PNEUMATIC  AND   HYDRAULIC   MACHINES. 

The   Common  Pump, 

21.  The  accompanying  figure  represents  a  section  of  the  comnion 
suction  pump.  A  C  is  a  cylindta:  or  barrel,  in 
which  a  jriston  P  is  moved  up  and  down  by 
means  of  a  piston  rod  R,  attached  to  the  ex- 
tremity of  the  lever  R  H  of  the  first  kind.  In 
the  piston  is  a  valve  v  lifting  upwards ;  and  at 
the  bottom  of  the  barrel  is  another  valve  V,  also 
lifting  upwards,  A  B  is  a  pipe,  passing  finm 
tlie  bottom  of  the  barrel  into  the  well  from  which 
the  water  is  to  be  raised. 

Tlie  first  effect  of  the  motion  of  the  pistou  is 
to  clear  the  barrel  and  pipe  of  air ;  at  the  first 
upward  stroke  of  the  piston,  the  air  in  the  pipe 
A  B  expands  and  enters  the  barrel,  and  being 
thus'rarefied,  exerts  less  pressure  ujion  the  water 
in  the  pipe ;  the  consequence  is,  that  the  pressure 
of  the  external  air  forces  a  portion  of  water  into 
the  pipe.  Now,  in  the  downward  stroke  of  the  piston,  the  valve  V 
closes,  while  v  opens  and  allows  the  air  in  the  baircl  to  escape,  so  that 
there  is  now  a  much  less  quantity  of  air  in  the  pipe  than  there  was  at 
first;  at  the  second  upwanl  stroke,  therefore,  the  air  in  the  pipe  is  still 
further  rarefied,  and  thus  an  additional  quantity  of  water  Is  raised  in 
the  pipe  by  the  pressure  of  the  external  air  ;  proceeding  in  this  manner, 
after  a  few  strokes,  the  water  is  raised  into  the  barrel,  and  then  another 
kind  of  action  takes  place. 

In  a  downward  stroke  of  the  pis^n,  it  plunges  amongst  the  water  in 
the  barrel  of  the  pump ;  the  valve  V  closes,  and  the  valve  v  opens,  and 
allows  the  water  to  pass  to  the  upper  side  of  the  piston.  In  an  upward 
stroke,  the  valve  v  closes,  and  the  valve  V  opens,  andt  by  the  pressure 
of  the  atmospBere,  the  water  follows  the  piston  in  its  ascent,  whereas 
the  water  above  the  piston  is  pushed  before  it,  and  thus  the  fluid  is  dis- 
charged in  a  stream  at  the  mouth  C  of  the  pump ;  and  so  on  to  any 
numJKT  of  strokes. 

If  ft  perfect  vacimm  were  formed  by  the  piston  as  it  ascenc^,  the  wdter 
would  be  raised,  on  an  average,  to  the  height  of  S4  feet  above  the  level 
of  the  water  in  the  well,  which  is  the  height  of  a  column  of  water  cal- 
culated to  balance  the  average  pressure  of  the  atmosphere. 
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7%e  Comnton  Forcing  Pamp. 
22.   Tbia  pomp  ndss  water  from  the  well  into  the  barrel,  on  the  prin- 

tbe  pressure  i^  the  piston  on  the  water  elevates  it 
to  any  height  that  may  be  required. 

Here  P  is  a  solid  ptaton.  narking  up  end  dovn 
in  a  barrel ;  V  •  valve,  lifting  upwards,  placed  at 
the  top  of  the  ^«  docending  into  the  well ;  v  a 
valve,  also  lifting  upwards,  placed  in  a  pipe  D, 
which  ooDTeya  the  water  to  the  dstem. 

In  a  descQiding  stroke  of  the  ]HBt(m,  the  valve  V 
closes,  and  the  valve  n  opens,  and  the  water,  being 
pressed  before  the  (uston,  is  forced  up  the  pipe  D  to  pia.  43. 

thg  higher  level  required;  on  the  contmrj,  in  an 
QBccnding  stroke,  the  valve  e  closes  by  the  prcuurc  of  the  external  air 
and  the  water  in  the  pipe  D ;  the  valve  V  opens,  and  the  water  ri^cs  into 
the  barrel  of  tho  pmnp  by  the  pressure  of  the  otmoephere  on  the  water 
m  the  well ;  and  so  on  to  any  number  of  strokes. 

The  Forcing  Pamp  with  an  Air  Chamber. 

23.  This  engine  merely  differs  from  the  preceding  one  by  having  an 
air  chamber  ecu  connected  with  the  vertical  pipe  D. 
Thi.1  nir  chnmbcr  is  a  closed  vessel,  having  the  ppc 
D  descending  into  it,  and  a  valve  d  opening  and 
cloaiiig  its  communication  with  the  barrel  of  the 
pump.  AVhcn  tho  piston  P  descends,  the  water  is 
Ibrccii  thrmigh  the  valve  v  into  the  air  chamber,  so 
that  n.1  !«xm  iw  the  water  rises  above  the  lower  ori- 
fice (if  the  pipe  D,  the  cir  in  the  upper  part  of  the 
chamber  is  contracted  or  cnmprcased  ;  and  this  com-   C 


prcsrioo  of  tho  air  causes  it  to  exert  ( 


Fig.  4 


"C  upon  the  surface  of  the  water  in  the  cham- 
ber, which  forccn  the  fluid  up  the  pipe  D,  and  thus  a  constant  digchorgo 
into  Ihe  cistern  is  mistaiind.  In  the  common  forcin;;  jHimp,  the  water 
in  only  ihschargcd  at  each  downward  stroke  of  the  piston,  whirens,  in 
the  present  caw,  (he  prtssure  of  the  air  in  the  chflmber  sustains  the  dis- 
tha^o  ihrongh  the  vcrticnl  pipe  D,  during  tho  intervals  taken  up  by 
the  upnnrd  xcrokcs  of  the  pinton. 

The  great  defect  of  this  cngiile  is  as  follows :  after  the  pump  has  been 
■nrne  time  in  action,  the  lat  in  the  chDmbet  becomes  absorbed  by  the 
wafer  pwejng  throuKh  it,  so  tliat  nt  leii(,-th  it  B  found  liint  nmrly  nil  the 
air  at  Brst  in  the  chamber  lias  passed  awnjr  with  the  water  discharged 
by  tlie  pump. 
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DouMe-aeling  Pump. 

24.  This  pump  is  deagned  lo  remedy  the  defect  of  the  preceding  one. 
It  ia  nmpl]'  a.  double-actuig  forcing  pump,  mmilar  m  its  construction  to 
that  described  in  Ait.  22.    P  is  a  solid  piston,  which 

move9  up  and  down  in  a  cylinder ;  the  rod  of  this 
pLitou  pofisca  through  a  stuffing  box  at  S  fiir  the  pur- 
pose of  luicping  the  cylinder  aii  tight.  On  the  op- 
potite  eidot  of  the  cylinder  are  two  pipes,  A  B  and 
C  I)  1  where  A  It  descends  into  the  well,  and  C  D 
conveys  the  water  to  the  reservoir.  There  are  foui 
valves,  a,  b,  e,  c,  opening  and  closing,  aa  the  case 
may  be,  the  conununication  of  these  pipes  nith  ths 
cyluidcr.  lliese  valves  all  lift  in  the  same  direction, 
that  is,  to  the  light.  Suppose  the  cylinder  and 
jupes  filled  with  water ;  thai,  in  an  upward  stroke 
of  the  piston,  the  valves  a  and  e  are  opened,  and  e 
and  b  are  closed;  the  water  ix  forced  by  the  patoo 
through  the  valve  s.  and  then  up  the  Tatical  pipe 
C  D  1  at  the  same  time  the  water,  by  the  atmospheiic  py^  ^, 

prtsBurc,  risea  up  the  pipe  A,  and  opening  the  valve 
a,  follows  the  piston  in  its  ascent :  on  the  coatrary,  when  the  piston 
descends,  the  valven  a  and  t  ore  dosed,  and  e  and  b  are  opened ;  the 
water  is  thep  forced  through  the  valve  c,  up  the  vertical  pipe  C  D,  and 
the  watci  ttaai  the  well  enters  the  eylinds  through  the  valve  b,  and  fol- 
lows the  piston  in  its  descent ;  and  so  on  to  any  nimiber  of  strokes. 

Tlie  Fire  Engine. 

25.  This  engine  is  simply  a  awnlwia- 
tion  of  two  forcing  pumps,  having  a 
common  air  ehiunhcr,  H,  and  the  same 
suction  pipe  F  dtMending  to  the  water 
intended  to  supply  the  engine.  (See 
Art.  22.)  The  beora  A  B,  turning  on 
its  centre  of  motion  K,  works  the  two 
pistons  C  ond  D ;  so  that  while  the  ona 
is  descending,  the  other  is  arecnding, 
thereby  keeping  up  a  continuous  flow  of 
water  into  the  air  chamber  If.  A  flex- 
ible tube  e  L  of  leather,  called  a  hoie,  is 
attached  to  the  dinchorse  pijw,  to  cnnWe 

the  enrineer  to  direct  the  Btrcam  of  water  jxg   ±b 


PNEUMATICS. 


119 


'^*'''^ij(jm 


upofn.  any  pazticnlar  spot.  The  degree  of  compressioa  attained  by  the 
air  m  the  chamber  regulates  the  Telocity  -with  which  the  water  is  pro- 
jected from  the  nozzle  L  of  the  hose. 

If,  ibr  example,  the  air  be  compressed  to  one  half  its  original  bulk, 
thfcn  it  will  act  upon  the  surface  of  the  water  in  the  chamber  with  a 
pressure  equivalent  to  that  of  the  atmosphere*  and  the  water  would  be 
raised  in  the  pipe  #  to  the  height  of  about  34  feet,  or  it  would  be  pro- 
jected from  the  nozzle  L  with  a  velocity  eqtial  to  that  which  a  body 
"would  acquire  in  falling  freely,  by  the  force  of  gravity,  from  this  height. 
(See  Art.  41.) 

The  HydrosUUic  Press. 

26.  The  principle  on  which  the  power  of  this  engine  depends  has 
been  explained  in  the  treatise  on  Hydrostatics, 
Alt.  11 ;  it  only  remains,  therefore,  for  us  to 
notice  some  contrivances  connected  with  its 
operation.  H  C  is  a  lever  of  the  second  kind, 
turning  on  the  fixed  centre  C,  which  works 
the  piston  p  of  the  small  cylinder ;  P  is  the 
large  piston,  which,  by  ascending,  compressra 
the  material  S  placed  between  the  press 
boards;  A  is  a  pipe  proceeding  from  the  bot- 
tom of  the  small  cylinder  to  a  cistern  of  water ; 
y  is  a  valve  lifting  upwards,  p  Aed  at  the  top 
of  this  pipe;  o  is  a  valve,  opening  to  the  left, 
placed  in  the  pipe  which  connects  the  two 
cylinders. 

In  a  descending  stroke  of  the  piston  p,  the  valve  V  closes,  and  the 
valve  V  opens,  and  the  water  is  forced  into  the  large  cylinder,  which 
causes  the  piston  F  to  ascend  and  compress  the  material  S ;  on  the  other 
hand,  in  an  ascending  stroke  of  the  piston  p,  the  valve  v  closes  by  the 
pressure  of  the  water  in  the  large  cylinder ;  the  valve  V  opens  and 
allows  a  fresh  supply  of  water  to  enter  the  small  cylinder ;  and  so  on,  as 
in  the  common  forcing  pump  described  in  Art.  22. 


Fig,  47. 


Hydraulic  Ram. 

27.  This  elegant  and  useful  contrivance  for  raising  water  may  be  em- 
ployed with  advantage  where  there  is  an  abundant  supply  of  water  with 
only  a  small  descent. 

The  action  of  this  engine  depends  upon  the  great  force  which  is  pro- 
duced whenever  a  body  in  motion  suddenly  meets  with  an  obstacle. 
A  body  of  water  acquires  motion  in  its  descent  through  an  inclined 
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pipe  A;  and  the  outlet  A. 
upon  being  suddenly  closed, 
aUowB  the  motion  accumulatf 
ed  in  this  body  of  water  to 
expend  itself  in  farcing  some 
of  the  fluid  in  the  pipe  B  into 
an  air  chamber  d,  whence  it 
is  raised  by  the  pressure  of 
the  air  in  the  chamber  to  any  proposed  elevation* 

A  is  an  inclined  pipe  conducting  a  stream  ol  water  firom  a  reservoir ; 
B  a  horizontal  portion  of  this  pipe,  having  a  valve  e  opening  into  the  air 
cliamber  rf;  a  is  a  heavy  valve  which  closes,  when  it  is  lifted  upwards, 
the  outlet  of  the  water  at  k ;  this  valve  is  so  heavy  that  it  descends  in 
the  quiescent  fluid  by  its  own  weight,  thereby  opening  the  outlet  at  k,  at 
the  same  time  it  is  capable  of  being  lifted  up  by  the  impetus  of  the 
M-ater  as  it  rushes  out  of  the  opening  k  with  the  velocity  acquired  in 
dfScending  the  inclined  pipe  A. 

The  valve  a  being  flrst  opened,  the  water,  rushing  out  of  the  orifice  kt 
at  lei^^h  acquires  a  velocity  sufficient  to  drive  the  valve  a  upwards, 
thereby  closing  the  orifice  k;  the  current  of  water  through  k,  being  thus 
suddenly  checked,  expends  the  motion  accumulated  in  it  in  forcing  some 
of  the  fluid  through-  the  valve  e  into  the  chamber  d.  Now,  when  the 
water  has  become  quiescent,  the  heavy  "ulve  a  descends  by  its  own  weight 
and  opens  the  orifice  k  ;  tlic  water  again  rushes  out  of  the  orifice,  and  so 
on  as  already  described. 

Hero's  Fountain. 

23.  The  jet  in  this  fountain  is  produced  by 
tlic  force  of  compressed  air.  a  and  g  are  two 
vessels  united  by  means  of  pipes ;  the  pipe  e  /, 
proceeding  from  the  basin  n  o,  descends  nearly 
to  the  bottom  of  the  lower  vessel  g ;  the  pipe  h  A, 
passing  from  the  top  of  the  vessel  g,  nearly  reach- 
es the  top  of  the  vessel  a ;  the  jet  pipe  d  e  di]B 
into  the  water  in  th6  vessel  a,  and  rises  above  the 
basin  n  o.  Let  us  now  see  how  the  fotmtain 
acts.  The  jet  cock  b  being  taken  off,  water  is 
IK)ured  through  the  pipe  d  into  the  vessel  a  until 
it  reaches  the  level  Itn ;  the  difOi  now  then 
filled  with  water,  which,  descending  through  the 
pipe  eft  compresses  the  air  in  the  vessels  g  and 
a ;  the  stop  cock  b  bong  now  opened,  the  com- 
pressed  air  forces  the  water  up  the  pipe  d  c,  and 
thus  the  jet  c  is  produced.  Fig.A9, 
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The  Siphon  Fountain, 
is.  The  action  of  thii  fountain  depoids  upon  tlK 
principle  of  the  nphon.  Its  constmctiiM  is  aa  follows  ; 
A  i«  a  glon  recfiver  which  fits  doeelj  to  the  piste  B, 
through  Thich  two  tubes  n  tn  and  t  r  psea ;  the  kiwet 
czbemitj  n  of  the  tube  n  nt  ia  immGned  in  water,  and 
ita  upper  extiemity  m  ris«B  within  the  receiTer  A  ;  the 
kwer  extremity  j  of  the  tube  r  ■  descends  below  the  sax- 
&ce  of  the  watei  in  the  Teesel  n.  To  abow  the  action  of 
the  ibuntain.  inrert  the  appanitus,  and  pour  a  little 
water  through  the  tube  *  r  into  the  receiver ;  close  the 
^■enute  I  with  the  Anger,  ami  place  the  apparetua  in  the 
(KvUion  shown  in  the  figure.  Now,  as  the  column  of 
water  in  r  <  ia  longer  than  it  is  in  »  m,  on  the  principle 
of  the  siphon.  Art.  1 1,  the  water  flows  fiom  j  ;  but  thia 
oecasons  the  water  to  fall  in  the  recdTcr  A,  and  henco 
the  air  in  the  receiTer  is  larclied  ;  the  ptesEurc  of  the  ex- 
ternal sir  OD  ibe  water  in  the  vessel  n  foms  the  fluid  up 
the  tube  n  m,  and  thus  a  jet  is  formed  within  the  rc- 


DiFFuaioir  or  gases. 

30.  Sj  this  property  ia  meant  the  tendencj  which  Mrs  or 
gases  have  lo  intermix  with  each  other,  without  regard  to 
their  densities. 

ExFBRIHEiai. 

Exp.  I,  Take  a  bottle  of  eatbouc  acid  gas,  and  invert  a  sim- 
ilar bottle  of  common  ur  over  it ;  then  after  a  few  minutes  the 
carbonic  add  gaa  will  be  equally  diiAised  through  the  two  ves- 
•cb.  Roe  the  carbcoic  acid  gas,  which  is  Ij  times  heaviei 
than  commcm  air,  rises  into  the  uppa  vessel  in  opposition  to  its 
gravity. 

Bxp.  3.  lie  a  jnece  of  bladder  over  one  end  of  a  wide  tube, 
fill  it,  over  water,  with  hydrogen  gas,  and  allow  the  tube  con- 
taining the  gas  to  stand  for  a  few  minutes.  The  water  will  — ■  ., 
gndoally  rise  in  the  tube,  appaiwitly  in  opposition  to  gravity. 
Sae,  from  the  jcinciple  of  difAisiTencas,  the  hydrogen,  being  thinner 
than  atnioq>hsic  air,  escapes  &om  t^  tube  through  the  fine  potes  of 
the  bladder  more  rapidly  than  the  eztonal  air  enten  into  it ;  the  conse- 
quenc«  is,  that  the  preanue  of  the  atmoepbete  tbrces  the  water  np  the 
11 
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tube  to  fill  the  void  which  would  otherwise  be  formed.  In  this  experi- 
meut  the  diffusiveness  of  gases  appears  to  act  on  a  similar  principle  to 
that  of  endosmq^  and  exosmose,  explained  at  page  90. 

31.  The  principle  of  the  diffusiveness  of  gases  is  of  vast 
importance  in  the  economy  of  nature.  For  example,  atmos- 
plieric  air  is  cliieflj  a  mixture  of  two  gases,  oxygen  and 
nitrogen ;  but  they  are  so  completely  diffused  in  the  atmos- 
phere, that  every  where  'we  find  them  mixed  in  the  same 
relative  proportions. 

LIQUEFACTION   OF   GASES. 

32.  Some  gaseous  bodies,  when  lender  great  pressure  and 
cold,  are  found  to  assume  the  liquid  form :  for  example,  ciir- 
bonic  acid  gas  becomes  a  liquid  when  subjected  to  the  pressure 
of  about  forty  atmospheres;*  and  chlorine  gas  becomes  a 
liquid  at  a  much  lower  pressure.  But  there  are  some  gases, 
euch  as  atmospheric  air,  which  have  hitherto  resisted  all 
attempts  to  liquefy  them ;  such  gases  are  called  permanently 
elastic  fluids. 

ACOUSTICS,  OR  THE  SCIENCE  OF  SOUND. 

33.  The  atmosphere  is  the  usual  medium  through  which 
Bound  is  conveyed  to  the  ear. 

(I.)  Sound  is  heard  w^hen  any  sudden  shock  or  impulse 
occurs  in  a  body  having  communication,  through  the  air  or 
otherwise,  with  the  eai*. 

Common  instances  of  a  single  impulse  are,  the  blow  £rom  a  hammer, 
the  clap  of  the  hands,  the  crack  of  a  whip,  a  pistol  shot,  or  any  ex- 
plosion. 

(2.)  Impulses  quickly  repeated  cannot  be  separately  at- 
tended to  by  the  ear ;  and  hence  they  appear  as  one  contin- 
ued sound,  of  which  the  pitch  or  tone  depends  on  the  number 

*  Carbonic  acid  has  even  been  brought  to  the  solid  form. 
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oGcarring  in  a  given  time :  all  continued  souno  is  but  a  repe- 
tition of  impulses. 

If  a  wheel  -with  teeth  be  made  to  turn,  and  to  strike  a  piece  of  quill 
with  every  tooth,  it  will,  when  moved  alotclt/,  allow  every  tooth  to  be 
seen  and  every  blow  to  be  separately  heard;  but  increase  the  velocity, 
and  the  eye  ^dll  lose  sight  of  the  individual  teeth,  and  the  car,  ceasing 
to  perceive  the  separate  blows,  will  at  last  hear  only  a  smooth,  continu- 
ous sound,  called  a  tone,  of  which  the  character  will  change  with  the 
velocity  of  the  wheeL 

(3.)  When  sonorous  bodies  (such  as  glass,  bell  metal,  the 
string  of  a  violin)  are  struck,  a  tremulous  or  vibratory  motion 
takes  place  in  the  body ;  and  this  vibratory  motion,  being 
impressed  upon  the  air,  is  transmitted  to  the  drum  of  the  ear, 
producing  the  sensation  of  sound.  The  following  simple  ex- 
periments show  that  sonoroi/s  bodies  have  this  property :  — 

EXPEBIMENTS. 

Exp,  1.  If  a  bell  be  struck,  its  tremulous  motion  may  be  felt  by  gen- 
tly touching  it  with  the  finger.  When  the  finger  is  pressed  against  the 
bell,  the  sound  is  stopped,  because  the  vibrations  of  the  bell  are  inter- 
rupted. 

Exp.  2.  Attach  a  small  piece  of  cork  by  a  string  to  a  bell ;  strike  the 
bell :  the  cork  vibrates  with  the  bell. 

Exp,  3.  Strike  a  tuning  fork ;  touch  the  surface  of  some  mercury  with 
the  end  of  the  fork :  the  surface  of  the  mercury  exhibits  little  undtda- 
tions  or  wav^. 

Ejep,  4*.  Sprinkle  some  fine  sand  over  a  square  piece  of  window  glass ; 
hold  it  firmly  by  means  of  a  pair  of  pliers,  and  draw  a  violin  bow  down 
the  edge :  the  sand  is  put  in  motion,  and  finally  settles  itself  in  those 
parts  of  the  glass  which  have  the  least  vibratory  motion.  By  changing 
the  point  by  which  the  plate  is  held,  or  by  varying  the  parts  to  which  the 
violin  bow  is  applied,  the  sand  may  be  made  to  assimie  difiierent  beauti- 
ful shapes. 

34.  All  sonorous  bodies  are  elastic ;  and  the  pitch  of  the 
tone  which  they  emit  depends  upon  the  number  of  vibrations 
which  they  perform  in  a  given  time. 

In  all  mu^cal  sounds  the  vibrations  of  the  sonorous  bodies  are  regular, 
that  10  to  say,  the  rapidity  of  their  vibrations  remains  imchanged.    The 
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frequency  of  vibrations  in  strings  increases  ydth  thor  tetiaion,  ahortneas, 
and  lightness.  By  tightening  the  string  of  a  yiolin  the  pitch  of  the  note 
is  raised,  and  the  same  effect  is  produced  by  shortening  the  string ;  in 
both  cases  the  string  is  made  to  vibrate  quicker.  The  pitch  of  the  note 
also  depends  upon  the  thickness  of  the  string ;  for  example,  the  thinnest 
strings  in  the  violin  emit  the  highest  sounds.  In  order  to  produce  a 
miisical  sound,  the  number  of  vibrations  performed  by  the  string  cannot 
be  less  than  32  per  second  {  a  string  which  vibrates  twice  as  fast  emits  a 
note  an  octave  higher,  and  a  string  which  vibrates  three  times  as  fast 
emits  a  note  two  octaves  higher,  and  so  on.  When  the  strings  .vibrate 
with  the  same  frequency,  the  tones  which  they  emit  are  in  xmison.  The 
pleasing  effect  of  harmonioiis  sounds,  such  as  thirds  and  fifths,  is  pro- 
duced by  the  amplicity  of  the  ratio  of  the  vibrations  performed  in  the 
same  time ;  and,  on  the  contrary,  the  disagreeable  effect  of  discordant 
sounds  arises  from  the  want  of  this  simplicity. 

Whera  a  continued  sound  is  produced  by  impulses  which 
do  not,  like  those  of  an  elastic  body,  follow  in  regular  succes- 
sion, the  effect  ceases  to  be  a  clear,  uniform'  sound  or  tone, 
and  is  called  a  noise, 

Trcmsmission  of  Sound. 

m 

35.  The  experiment  of  the  bell  in  the  exhausted  receiver 
(see  p.  1 15)  shows  that  a  sonorous  body  may  vibrate ;  yet  if 
there  is  no  medium  to  transmit  the  vibrations  to  the  ear,  no 
sound  will  be  produced. 

"When  a  gun  is  discharged,  the  sudden  expansion  of  the  powder,  com- 
pressing the  air  immediately  around  it,  produces  a  condensation  of  the 
air  a  little  farther  away ;  this  air,  by  its  elasticity,  expands,  and  in  its 
turn  produces  a  condensation  of  the  air  beyond  it ;  and  so  on  to  a  suc- 
cession of  pulsations  or  waves  created  by  alternate  condensations  and 
expansions :  in  this  way  all  sounds  are  propagated  through  the  air. 
These  successive  pulsations  or  waves  arc  somewhat  like  the  successive 
rings  formed  in  water  when  a  stone  is  thro^vn  into  it. 

36.  Dense  air  is  a  better  conductor  of  sound  than  rare  air. 

Hence  it  is  that  the  sound  of  a  pistol  on  the  top  of  a  high  mountain 
is  scarcely  louder  than  the  crack  of  a  whip. 

The  distance  at  which  a- particular  sound  may  be  heard  depends  upon 
the  state  of  the  atmosphere  with  respect  to  density,  moistitfe,  &c.  It  is 
on  account  of  the  different  states  of  the  atmoephere  that  St.  Paul's  clock 
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ia  heard  so  mnch  more  distinctly  at  one  time  than  at  another.  In  calm, 
dry  air  the  report  of  a  musket  may  be  heard  at  the  distance  of  five  miles, 
arid  the  sound  of  cannon  has  been  heard  over  water  at  the  distance  of 
200  miles.  In  the  open  air  the  human  voice  may  be  heard  at  the  dis- 
tance of  .230  yards ;  and  Captain  Parry  informs  us  that  at  the  polar 
regions,  where  the  air  is  dense  and  dry,  a  conversation  may  be  carried 
on  between  two  persons  a  mile  apart.  The  explosions  of  the  volcano  of 
St.  Vincent  were  heard  at  Demarara,  a  distance  of  340  miles.  This  is 
the  greatest  distance  on  record  to  which  sound  has  been  conveyed  by  the 
atmosphere. 

Velocity  of  Sound, 

37.  When  a  gun  is  fired,  we  always  see  the  flash  before 
we  hear  the  sound.  Now,  we  see  the  flash  almost  instanta- 
neously ;  but  sound  requires  a  sensible  time  to  travel  over 
any  particular  distance.  In  ordinary  states  of  the  air  sound 
travels  at  tile  rate  of  1120  feet  per  second. 

From  this  we  can  readily  calcidate  the  distance  at  which  a  gim  is  fired 
when  we  know  the  interval  of  time  which  elapses  between  the  flash  and 
the  sound. 

Example.  Required  the  distance  at  which  a  gun  is  fired  when  the 
report  is  heard  three  seconds  after  the  flash  is  seen. 

Here,  distance  travclltxl  by  soimd  in  1  second  =7 1120  feet ; 

Distance  travelled  in  3  seconds  =  3  times  1120  =  3360  feet ; 
which  gives  the  distance  r^uired. 

In  the  same  way  we  can  find  the  distance  of  lightning  from  us*  by 
observing  the  number  of  seconds  which  elapse  between  the  flash  and  the 
BOimd  of  the  thunder.  As  the  human  pulse  very  nearly  be^ts  once  in 
every  second,  we  may  always  readily  find  the  interval  between  the  flash 
and  the  sound  by  counting  the  beats  of  the  pulse. 

38.  Solid  as  well  as  liquid  bodies  transmit  sound  even  bet- 
ter than  air.    ' 

Experiments. 

Exp.  1.  Strike  two  stones  together  imder  water :  the  soimd  will  be 
as  loud  as  if  they  had  been  struck  in  tbe  air. 

Exp.  2.  Scratch  the  end  of  a  log  of  timber  with  a  pin  :  a  person  with 
his  ear  at  the  opposite  end  will  distinctly  hear  the  sound. 

JSay.  3.  Place  the  end  of  a  long  iron  rod  between  the  teeth,  while 
the  other  end  rests  on  the  bottom  of  a  hollow  vessel :  a  whisper  uttered 
within  the  mouth  of  the  vessel  will  be  distinctly  heardi  though  it  would 
be  inaodihle  through  the  air. 

11* 
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£17.  i.  Suspend  a  poker  by  two  string  and  prea*  the  enda  one  in 
each  car,  while  the  poker  is  allowed  to  hang  &celj ;  atcike  the  poker :  ft 
Bound  like  the  tolling  of  a  laige  bell  will  be  heard.  Take  the  cudi  d 
the  sttingB  Erom  the  ear,  and  the  Bound  will  be  compaTatiTelj  leehle. 

Refection  of  Sound. 

39.  When  sotind  strikes  against  any  fixed  EuHace,  it  is 
reflected  from  that  surface,  and  ihu  angle  of  reflection  is  equal 
to  the  angle  of  incidence.  This  law  of  reflection  is  t^e  same 
&:«  that  which  takes  place  vith  respect  to  on^  elastic  bodies. 

Thus,  for  (xajtrpie,  when  a  maible  is  thrown  obliquely  on  a  hard  pave- 
ment,  it  is  reflected  from  the  sui&ce  of  the  pavemeat  at  an  angle  equal 
to  the  incident  angle  —  that  is,  equal  to  the  angle  at  which  it  meets  the 
aurface  of  the  pavement. 

Eehoet. 

'40.    Reflected  sounds  produce  echoes. 

In  order  that  an  echo  should  be  heard  distinct  from  the  toimd  whidi 
produces  it,  the  teSecting  surface  must  be  at  such  a  distance  that  the 
reflected  sound  would  not  be  confoimded  with  the  oiigiiud  tound  pvo- 
ceeding  directlj  to  the  ear.  Now,  the  human  ear  cannot  appreciate 
more  than  ten  sepante  sounds  in  a  second ;  to  that,  in  order  that  two 
■ucceesive  sounds  may  be  distinctly  heard,  the  intsral  between  them 
must  be  at  least  the  tenth  part  of  a  second ;  and,  nnce  sound  trarels  at 
the  rate  of  1120  feet  per  aecond,  or  112  f^  in  the  t«ntb  part  <tf  •  sec- 
ond, it  follows  that  the  reflected  sound  must  travd  over  112  feet  mure 
than  the  direct  sound  in  order  that  the  echo  of  a  single  sound  ori^Uable 
may  be  distinctly  heard  from  the  sound  itself^ 

Let  A  be  the  pince  of  a  person 
giving  utterance  to  a  single  sound ;  ^', 

C  the  place  of  the  person  who  hears  L^  ■ 

the  ecboi  E  F  any  wall  or  otetocle  t\ 

which  reflects  the  sound ;  A  B  the  l_ 

incident  sound;  B  C  the  reflected 
sound ;  B  D  a  line  perpendicular  to 
the  plane  of  the  wall  i  then  the 
angle  A  B  D  is  called  the  angle  of 
incidence,  and  the  angle  D  B  C  that  eva  52 

of  reflection.    Now,  Uie  sound  pro- 
ducing the  echo  travels  through  the  distance  A  B  added  to  B  C,  while 
the  direct  sound  simply  travds  through  the  distance  A  C ;  10&,  tbne- 
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ion,  if  the  fanner  cUstance  is  1 12  feet  greater  than  the  latter,  the  person 
at  C  would  diBtinctly  hear  the  echo  of  a  single  sound,  as  wdl  as  the 
sound  itself.  If  the  distance  ABC  exceeds  A  C  by  twice  112  feet,  the 
echo  of  two  distinct  sounds  may  be  heard,  as  in  the  case  of  the  word 
echo.  Some  echoes  repeat  several  syllables  in  succession.  There  are  also 
some  echoes  which  repeat  the  same  word  several  times ;  this  takes  place 
when  there  are  a  series  of  reflecting  surfaces  placed  at  different  distances 
ftom  the  speaker.  When  a  hiU  or  some  other  object  obstructs  the  direct 
sound,  the  echo  only  may  be  heard. 

Whispering  Galleries. 

41.  Sound,  as  well  as  light,  may  be  magnified  by  reflection ; 
li  is  CD  this  principle  that  whispering  galleries  are  constructed. 

Let  A  C  B  E  represent  the 
wall  of  an  elliptical  building; 
then  a  whisper  uttered  at  the  fo* 
cus  a  will  be  distinctly  heard  at 
the  other  focuB  6.  Hero  the 
sound  proceeding  from  a  is  re- 
flected from  every  point  in  the 
wall  to  the  point  b ;  Ibr  example^ 
the  sound  proceeding  along  the 
line  a  x  is  reflected  along  the  line 
X  6,  where,  from  the  property  of 
the  elhpse,  the  angle  a  x  y  of  the 
incident  sound  is  equal  to  the 
angle  zxb  of  the  reflected  sound ;  and  this  takes  place  for  every  point 
in  the  ellipse.  The  form  of  the  ellipse  is  peculiarly  adapted  for  a  whis- 
pering gallery,  not  only  on  account  of  the  property  just  mentioned,  but 
also  on  account  of  another  property,  viz. :  the  sum  of  the  lines  a  x  and 
b  X,  drawn  from  the  foci  a  and  b  to  any  point  in  the  ellipse,  is  always 
of  the  same  length ;  from  this  it  follows  that  the  various  reflected  sounds 
reach  the  ear  at  the  same  instant.  The  whispering  gallery  of  St.  Paul's 
Cathedral,  in  London,  depends  upon  a  similar  principle. 

42.  The  spwking  trumpet  is  much  used  at  sea  to  render  the  human 
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voice  heard  at  a  great  distance.  When  a  word  is  spoken  at  A,  the  sound 
i^  reflected  from  different  points  in  the  interior  of  the  trumpet,  so  that 
the  sound  issues  from  the  wide  mouth  B  -with  an  accumulated  force.  A 
strong  man's  voice,  with  a  good  instrument,  may  be  heard  at  the  distance 
of  three  miles. 

The  hearing  tntmpet  is  very  useful  to  persons 
dull  of  hearing,  as  it  enables  them  to  hear  what  is 
spoken  to  them.  It  depends  upon  the  same  princi- 
ple as  the  speaking  trumpet.  'Vhc  aperture  A  is 
placed  w^ithin  the  ear  of  the  deaf  person,  and  the 
sound  emitted  at  B  is  concentrated  at  A  by  a  seriee  pi^^  55, 

of  reflections. 

43.  Further  Examples.  —  Almost  any  sound  produced  near  a  piano 
forte  whose  dampers  are  raised  finds  a  responsive  string. 

A  harp  or  guitar  in  a  room  ^*ith  talking  company  is  often  mingling  a 
note  with  their  conversation. 

Savages  oiten  discover  the  approach  of  footsteps  by  applying  an  ear  to 
the  gromid. 

Many  a  haunted  house,  so  called,  owes  its  reputation  to  some  innocent 
cause  which,  operating  without,  is  transmitted  to  the  apartments  within 
by  the  solid  walls,  and  interpreted  by  the  imagination  into  the  language 
of  ghosts.  Even  the  beating  of  one's  o-wti  heart,  under  a  sense  of  fear, 
h^is  been  ascribed  to  a  trip  hammer  in  some  distant  machine  shop. 

The  resonance  of  a  room  is  irregular  and  indistinct  when  the  room 
contains  curtains,  carpets,  and  other  furniture,  or  a  crowded  assembly. 
Music  halls  have  generally  plain,  bare  walls. 

WINDS. 

44.  Currents  of  air,  or  winds,  are  produced  by  the  unequal 
distribution  of  heat  ovtr  the  earlh.  When  the  sun  shines 
over  any  particular  spot  on  the  earth,  the  air  immediately  over 
the  warm  ground  is  rarefied  by  the  heat,  and  consequently 
ascends,  while  the  surrounding  air,  being  cooler  and  heavier, 
rushes  in  to  supply  the  place  which  the  warm  air  has  left 
vacant.  In  order  to  show  the  truth  of  this  beautiful  law  of 
nature,  the  following  experiment  may  be  made  :  — 

Exp,  Make  a  wide  pasteboard  tube,  and  hold  it  in  an  inchned  position, 
-Nrith  its  upper  orifice  near  the  flame  of  a  candle  or  lamp ;  hold  a  lighted 
piece  of  paper  near  the  lower  orifice  of  the  tube,  and  blow  it  out ;  the 
smoke  from  the  paper  is  drawn  up  the  tube,  and  rises  with  the  ascending 
current  of  air  proceedmg  from  the  candle. 
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2%«  land  and  $«a  breezes,  which  chiefly  occur  in  wii^m  countries,  afford 
a  simple  and.  an  instructiye  illustration  of  the  manner 'in  which  winds 
are*  generally  produced.  These  winds  blow  from  the  sea  to  the  land 
during  the  day,  and  the  reverse  of  this  takes  place  during  the  night.  In 
the  daytime  the  land  becomes  more  heated  than  the  water,  and  thus 
the  air  over  the  land,  becoming  rarefied,  ascends ;  while  the  cool,  dense 
air  over  the  water  rushes  in  to  supply  the  place  of  the  rarefied  air.  On 
the  contrary,  during  the  night  the  hmd  loses  its  heat  more  rapidly  than 
the  water,  imtil  at  length  it  becomes  cooler  than  the  water ;  in  this  case, 
therefore,  a  current  of  air  sets  in  firom  the  land  to  the  water.  These 
winds  tend  to  equalize  the  temperature  of  islands  and  all  places  on  the 
sea  coast. 

45.  Winds  are  divided  into  three  kinds :  these  arc,  the 
cofistant  winds,  which  always  blow  in  the  same  direction ;  the 
monsoonSy  or  those  which  blow  one  half  of  the  year  in  one 
direction,  and  the  other  half  in  the  contrary  direction ;  the 
variahU  winds,  which  do  not  appear  to  follow  anj  regular  law. 

(1.)  The  constant  winds,  which  are  also  called  trade  winds,  extend 
within  30  degrees  on  each  side  of  the  equator.  The  cause  of  these  winds 
may  be  explained  in  the  foUondng  manner  :  The  equatorial  portion  of 
the  earth  being  the  hottest,  the  cool  air  from  the  temperate  and  polar 
regions  rushes  towards  the  equator  to  supply  the  place  of  the  heated  air, 
which  is  there  constantly  ascending ;  and  if  the  earth  were  not  to  turn 
on  its  axis,  this  would  occasion  two  winds,  one  blowing  directly  from  the 
north  pole  towards  the  equator  in  the  northern  hemisphere,  and  the  other 
blotting  from  the  south  pole  to  the  equator  in  the  southern  hemisphere ; 
but  as  the  earth  revolves  from  west  to  east,  the  air  towards  the  poles  has 
a  less  rotatory  motion  than  the  solid  ports  of  the  earth  at  the  equator ;  it 
consequently  follows,  that  when  this  air  arrives  at  the  equator  it  does  not 
move  with  the  same  speed  as  the  earth,  and  thus  a  wind  blo'W'ing  from 
the  east  (contrary  to  the  earth's  motion)  is  produced  at  the  equator. 

Now,  the  air  within  the  northern  tropic^  before  it  reaches,  the  equator, 
has  a  twofold  motion  —  that  is  to  say,  it  has  its  original  motion  from 
north  to  south,  and,  ov»'lng  to  the  earth's  rotation,  it  has  relatively  a  mo- 
tion from  east  to  west ;  but  as  these  motions  take  place  at  the  same  time, 
it  causes  the  wind  to  blow  from  the  north-east,  which  is  the  direction  of 
the  trade  in  the  northern  tropic.  Reasoning  in  the  same  manner,  it 
follows  that  the  tiade  wind  in  the  aov^fiem  tropic  must  blow  from  the 
south-cast. 

These  winds  tend  to  equalize  the  temperature  of  the  globe,  and  to 
maintain  the  purity  of  the  atmosphere ;  for  while  the  cool  air  of  the 
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polar  and  temperate  regions  is  constantly  descending  towards  the  toirid 
zone,  the  warm  air  of  this  zone  is  constantly  ascending  and  moving 
towards  the  polar  and  temperate  region  of  the  earth ;  thus  while  the 
cool  air  of  the  frigid  and  temperate  zones  moderates  the  excessive  heat 
of  the  torrid  zone,  at  the  same  time  the  warm  air  of  the  latter  elevates 
the  temperature  of  the  former. 

If  the  earth  within  the  tropics  were  covered  with  water,  the  trade 
winds  would  regularly  blow  in  the  manner  just  described ;  but  owing  to 
the  unequal  distribution  of  land  and  water,  these  winds  are  subject  to 
certain  remarkable  deviations.  As  might  have  been  expected*  the  trade 
winds  blow  with  the  greatest  regularity  over  the  expanse  of  the  Pacific 
Ocean. 

(2.)  Monsoons.  —  When  a  trade  wind  is  turned  back  or  diverted  by 
overheated  districts  from  its  regular  course  at  stated  seasons  of  the  year, 
it  is  regarded  as  a  monsoon.  Thus  the  African  monsoons  of  the  Atlantic, 
the  monsoons  of  the  Gulf  of' Mexico,  and  the  Central  American  mon- 
soons of  the  Pacific  are,  for  the  most  part,  farmed  of  the  north-east  trade 
winds,  which  are  turned  back  to  restore  the  equilibrium  which  the  over- 
heated plains  of  Africa,  Utah,  Texas,  and  New  Mexico  have  disturbed. 

When  the  monsoons  prevail  for  five  months  at  a  time,  (for  it  takes 
about  a  month  fi)r  them  to  change  and  become  settled,)  then  both  they 
an^  the  trade  winds,  of  which  they  are  formed,  are  called  monsoons. 
The  south-west  and  north-cast  monsoons  of  the  Indian  Oc^an  afford  an 
example  of  this  kind.  The  south-west  monsoons  of  the  Indian  Ocean 
blow  from  May  to  September  inclusive.  They  are  caused  by  the  intense 
heat  which  the  rays  of  a  cloudless  sun  produce  during  the  summer  time 
upon  the  Desert  of  Gobi  and  the  burning  plains  of  Central  Asia.  When 
the  sun  is  north  of  the  equator,  the  force  of  his  rays,  beating  down  upon 
these  wide  and  thirsty  plains,  causes  the  air  to  expand  and  ascend. 
There  is,  consequently,  a  rush  of  air,  especially  from  towards  the  equa- 
tor, to  restore  the  equilibrium ;  and  in  this  case  the  force  which  tends  to 
draw  the  north-east  trade  winds  back  becomes  greater  than  the  force 
which  is  acting  to  drive  them  forward. 

When  it  is  summer  time  in  Africa  south  of  the  equator,  the  winds  are 
blowing  frxjm  the  north-east,  in  obedience  to  the  trade  wind  force,  which 
prevails  from  November  to  March  inclusive ;  hence  we  have  the  .north- 
east monsoons.  The  monsoon  season  may  always  be  known  by  referring 
to  the  cause  which  produces  these  winds.  Thus,  by  recollecting  where 
the  dry  and  overheated  plains  arc,  we  know  at  once  that  these  winds  are 
rushing  with  greatest  force  towards  these  plains  at  the  time  of  their  hot- 
test season  of  the  year 

These  winds  are  of  considerable  importance  to  navigators  who  make 
voyages  to  the  East  Indies. 
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(3.)  Thb  tajuabziE  winds  blow  at  all  places  at  a  distance  from  the 
eqiurtor.  The  variableiiess  depends  upon  a  variety  of  causes ;  for  what- 
ever tends  to  disturb  the  equilibrium  of  the  atmosphere  i^ill  occasion  a 
change  in  the  direction  of  the  wind. 

The  cold  air  of  the  polar  regions  is  constantly  flowing  towards  the 
wanner  regions,  partly  as  an  upper  current,  according  to  the  general 
law  of  atmospheric  circulation,  and  partly  as  a  surface  ^ind :  hence  in 
the  northern  hemisphere  we  have  a  prevalence  of  north-east  winds. 
These  winds,  finding  an  open  path  in  North  America,  from  one  end  of 
the  continent  to  the  other,  sweep  from  the  borders  of  the  Arctic  Ocean 
as  far  as  the  Qulf  of  Mexico.  They  strike  obhquely  against  the  Rocky 
Mountains,  run  along  their  slopes,  and.  being  reflected  by  this  high  chain, 
descend  as  a  north-west  wind  into  the  valley  of  the  Mississippi,  accom- 
panied by  cold  and  storms.  Proceeding  towards  the  Atlantic  coast,  they 
meet  the  south-west  or  the  equatorial  winds. 

This  conflict  between  the  polar  and  equatorial  winds,  so  opposite  in 
character  and  direction,  gives  to  our  climate  one  of  its  most  remarkable 
features,  —  that  of  changeablencss,  —  that  great  variety  of  temperature, 
of  drought  and  of  humidity,  of  fair  weather  and  foul,  which  mark  the 
seasons  with  uncertainty,  and  the  labors  of  the  husbandman  with  doubt- 
ful results. 

Sirocco  and  Simoom, 

There  are  certain  winds  which  have  received  peculiar  names,  such  as 
the  Sirocco  and  the  Simoom.  These  winds  are  injurious  to  life,  on  ac- 
count of  the  burning  sands,  or  on  account  of  the  pestilential  swamps, 
over  which  they  blow. 

The  Sirocco  blows  from  Africa  over  the  south  of  Europe ;  it  is  es- 
pecially felt  in  the  south  of  Italy  and  Spain.    During  the  continuance 
of  this  hot  wind,  the  vegetable  creation  loses  its  freshness  and  beaut)', 
and  the  animals  of  the  field,  as  well  as  man,  appear  to  languish  and  ' 
droop  with  excessive  exhaustion. 

The  Simoom,  which  blows  over  the  burning  deserts  of  Africa  and  Asia, 
is  of  all  other  winds  the  most  destructive  to  life.  The  breathing  of  this 
wind  sometimes  occasions  instantaneous  death ;  and  to  save  their  hves, 
travellers  usually  throw  themselves  down  with  their  faces  on  the  ground, 
until  the  desolating  wind  has  passed  over  them. 

46.  Winds  receive  names  according  to  the  rate  at  which  they  blow. 
When  a  wind  blows  at  the  rate  of  6  miles  an  hour,  it  is  called  a  gentle 
breeze ;  at  10  miles  an  hour,  a  brisk  gale  ;  at  40  miles  an  hour,  a  high 
wind  or  etorm  ;  and  at  80  nules  an  hour,  a  hurricane.  The  fiirce  of  the 
wind  increases  with  the  square  of  the  velocity :  thus  a  hurricane,  having 
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8  tixnes  the  ▼ek3city  of  a  hdsk  gale,  would  strike  trees  and  hoofles  with 
64  tunes  the  force  that  a  brisk  gale  would  do. 

BALLOONS. 

47.  Balloons  xise  in  the  atmosphere  in  the  same  maxmer  as  smoke  as- 
cends, or  as  a  oork  rises  in  water.  A  soap  bubble  is  a  Uttle  balkxn  in- 
flated with  the  warm  air  from  the  lungs ;  and  it  ascends  becauae  it  is 
specifically  lighter  than  the  sunounding  air.  A  balloon  is  sometimes 
made  of  thin  paper ;  the  air  which  it  onnt,ain8  is  rarefied  by  means  of  tiie 
flame  of  a  piece  of  sponge  dipped  in  quits  of  wine  and  placed  beneath 
an  opening  made  in  the  under  pert  of  the  baUoon.  This  kind  of  baUoon 
was  invented  by  Montgolficr. 

From  its  extreme  lightness,  hydrogen  is  better  fitted  than  any  other 
substance  to  inflate  balloons ;  though  coal  gas,  from  its  greater  cheapnesi, 
is  generally  used.  Very  large  gas  balloons,  of  a  pear-like  shs^  are 
made  of  oiled  silk,  and  inflated  with  conunon  street  gas,  which  is  con- 
siderably lighter  than  atmospheric  air.  The  balloon,  being  filled  with  this 
light  gas,  is  rendered  specifically  lighter  than  the  air ;  it  therefore  ascends 
until  it  arrives  at  an  elevation  where  the  surrounding  air  and  the  baUoon 
have  the  same  specific  gravity.  The  car  which  bears  the  aeronaut  is 
supported  by  network  which  goes  over  the  body  of  the  balloon.  When 
the  aeronaut  ^^*ishcs  to  descend,  he  puUs  a  cord  which  opens  a  valve  at 
the  top  of  the  balloon,  and  thus  allows  a  portion  of  the  light  gas  to 
escape,  and  thereby  rendcra  the  balloon  specifically  heavier  than  the  air. 

The  buoyancy,  or  ascending  force,  of  a  balloon  may  be  easily  calculated* 
Suppose  the  balloon  to  contain  32,000  cubic  foet  of  gas,  the  weight  of 
each  cubic  foot  of  air  to  be  1  j^  ounces,  and  the  weight  of  each  cuUc 
foot  of  gas  to  be  1  ounce ;  then  each  cubic  foot  of  the  balloon  will  have 
a  buoyancy  of  iV  of  an  ounce,  and  the  whole  balloon  will  have  a  buoy- 
ancy of  3200  ounces,  or  200  lbs.  If  the  weight  of  the  car  and  the 
material  of  the  balloon  be  60  lbs.,  then  the  balloon  will  ascend  when  the 
weight  of  the  aeronaut  docs  not  exceed  140  lbs. 

48.  Additional  Facts,  — The  pressure  of  the  atmosphere  at  the  surface 
of  the  earth  keeps  a  certain  quantity  of  air  in  combination  with  water, 
so  as  to  form  part  of  the  liquid  nuns.  The  air  reappears  at  once  on 
taking  off  the  pressure.  This  admixture  of  air  in  water  is  necessaiy  to 
the  lifo  of  fishes. 

A  balloon  which  is  only  half  full  at  the  surface  of  the  earth  becomes 
quite  full  when  it  has  risen  3^  miles,  because  at  that  hdght  air  from  be- 
low doubles  its  volume,  on  account  of  the  diminished  pressure. 

The  downy  seeds  of  {^nts  seen  floating  about  upon  the  winds  of 
autmnn  are  not  lighter  than  air,  but  have  so  much  bulk  and  surfisu^  in 
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proportion  to  tbdr  waght»  that  the  friction  upon  them  of  the  moving  air 
is  greater  than  their  weight,  and  carries  them  along. 

Smoke  cooflists  of  the  dnst  and  yiable  partidea  which  are  separated 
from  the  fuel  without  being  burned,  and  light  enough  to  be  carried  aloft 
by  the  rising  current  of  Uftated  air ;  but  all  that  is  visible  of  smoke  is 
really  heavier  than  air,  and  soon  &0s  again. 

When  a  low  house  adjoins  a  lofty  one,  the  wind  blowing  towards  the 
latter  is  obstructed  ;  and  if  the  top  of  a  low  chimney  be  there,  the  com- 
pnssed  «ir  enters  it  and  pours  downwards.  Again,  whenever  from  the 
nature  of  buildings  eddies  of  wind  occur,  or  unequal  pressures,  as  at 
street  comen,  &c,  the  chimneys  around  do  not  act  regularly. 

ExEBCisEs  ON  Pneumatics. 

1.  If  100  cubic  mches  of  atmospheric  air  weigh  20  grains,  what  will  be 
the  weight  of  1  cubic  foot  ^    (See  Art.  5.)  Afu.  1.08  oz. 

2.  When  the  elevation  of  the  mercury  in  the  barometer  is  28  inches, 
what  will  be  the  height  of  a  colimm  of  water  supported  by  the  atmos- 
pheric pressure  ?    (See  Art.  8.) 

Column  of  mercury  supported  by  the  atmosphere  =  28  in. ; 

•*         water  ««  "  "         =  131 X  28  in. ; 

=  311  feet. 

3.  Bequired  the  same  as  in  the  lost  example,  when  the  elevation  of  the 
mercury  is  24  inches  ?  Ans.  27  feet. 

4.  Allowing  that  a  cubic  inch  of  mercury  weighs  1  lb.,  what  would 
be  the  pressure  of  the  atmosphere  at  the  top  of  a  mountain,  where  the 
mercury  in  the  barometer  stands  at  the  height  of  20  inches  ? 

Ans,  10  lbs.  per  sq.  in. 
6.  A  given  portion  of  air  has  a  pressure  of  15  lbs.  per  square  inch 
when  its  volume  la  6  cubic  feet :  what  will  be  its  elasticity  when  it  is 
compreBBed  into  the  Bpa<;p  of  3  cubic  feet  ?    (See  Art.  IG.) 
Frevure  when  its  vol.  is  5  c.  ft.  =  15  lbs. ; 
••  "      vol.  is  1  c.  ft.  B  5  X  15  lbs. ; 

"      vol.  is  3  c.  ft.  ga^  ^  ^^=-'25  lbs. 

6.  Bequired  the  same  as  in  the  last  example,  wlMn  the  original  pres- 
sure  is  20  lbs.  with  a  volume  of  2  cubic  feet,  and  the  new  volume  is  5 
cubic  feet  ?  Ans.  8  lbs. 

7.  If  the  column  of  mercury  in  the  gauge  of  the  air  pomp  (see  Art. 
19)  stands  at  27  inches,  when  the  mercury  in  the  barometer  is  30  inches, 
what  is  the  elasticity  of  the  air  in  the  receiver,  as  compared  with  the 
external  air  ?  Ant.  j^. 

12 
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8.  If  the  section  of  the  Magdebouig  hemispheres  (ace  Exp.  3,  Art.  20) 
contains  6  square  inches,  and  it  requires  a  weight  of  87  lbs.  to  separate 
thein,  what  ia  the  pressure  of  the  external  air  upon  each  square  inch  ? 

Am.  14^  Ihs. 

9.  To  what  height  may  water  he  raised  %y  the  common  pump,  at  a 
pLace  where  the  barometer  stands  at  24  inches } 

Ans.  27  feet.    (Sec  Art.  21.) 

10.  In  the  hydrostatic  press,  (see  Art.  26,)  if  the  large  piston  P  con- 
tains 18  square  inches,  the  small  one  li  square  inches,  and  if.  the  ad- 
vantage gained  by  the  lever  G  H  is  6,  what  will  be  the  pressure  exerted 
upon  the  press  board,  when  a  pressure  of  60  lbs.  is  applied  to  the  handle  ? 

Here  the  whole  pressure  on  the  small  pston  is  6  times  60  lbs.,  or  360 
lbs. ;  that  is, 

Pressure  on  1^1  sq.  in.  =  360  lbs. ; 

•*  18  sq.  in.  =  12  times  360  lbs.  s=  4320  lbs. ; 

which  gives  the  upward  pressure  on  the  large  piston. 

1 1.  Required  the  same  as  in  the  last  example,  when  the  large  piston 
contains  20  square  inches,  the  small  one  2  square  inches,  the  pressure  on 
the  handle  being  40  lbs.,  and  the  advantage  gained  by  the  lever  8  ? 

Ans,  3200  lbs. 

12.  Bequired  the  distance  of  lightning  when  the  flash  is  seen  9  sec- 
onds before  the  thunder  is  heard }    (Sec  Art.  37.) 

Ant.  1  mile  600  yards. 

13.  At  what  distance  must  a  gun  be  fired  so  that  the  interval  between 
the  flash  and  the  sound  may  be  3^  seconds  ?  Ans.  3020  feet 


LIGHT  AND  HEAT. 

LIGHT. 

1.  Light  renders  the  objects  in  the  external  world  visible 
to  UB :  the  sense  of  sight  is  the  eye ;  the  rays  of  light,  pro- 
ceeding from  surrounding  objects,  enter  the  eye,  that  wonder- 
ful optical  instrument,  and  by  acting  upon  the  optic  nerve, 
produce  the  sensation  of  vision. 

2.  Light  emanates  from  all  luminous  bodies  —  such  as  the 
sun,  the  stars,  and  substances  in  a  state  of  combustion. 

The  sun  is  the  great  source  of  light  as  well  as  of  heat ;  but  there  are 
many  other  sources  of  light,  such  as  —  (1.)  Chemical  Ugkt,  or  that  which 
is  derived  by  chemical  action ;  (2.)  Electric  light,  or  that  light  which  is 
evolved  by  the  electric  spark ;  (3.)  Light  offriction,  that  which  is  ob- 
tained by  striking  two  dissimilar  hard  bodies  together ;  (4.)  Phospho- 
rescent light,  or  that  light  which  is  emitted  by  certain  bodies  at  the  ordi- 
nary temperature  of  the  air. 

3.  Non4uminous  bodies  become  visible  to  us  only  by  re- 
flecting the  light  which  falls  upon  them  frpm  some  luminous 
body. 

The  fixed  stars,  as  well  as  the  sun,  shuic  by  their  own  light ;  but  the 
moon  and  the  planets,  with  their  satellites,  shine  only  by  reflected  light. 

4.  Bodies  are  divided  into  transparent  and  opaque.  Trans- 
parent bodies,  such  as  glass,  allow  the  rays  of  light  to  pass 
freely  through  them;  in  other  words,  we  can  see  objects 
through  them.  Opaque  bodies,  such  as  a  sheet  of  tin,  do  not 
allow  the  rays  of  light  to  pass  through  them. 

5.  Light  travels  at  an  inconceivably  rapid  rate. 

It  takes  about  eight  minutes  in  travelling  from  the  sun  to  us,  that  is, 
it  moyes  at  the  rate  of  about  192,000  miles  per  second.  As  regards  all 
phenomena  upon  earth,  they  may  be  considered  as  happening  at  the  very 
instant  when  the  eye  perceives  them ;  the  di£ference  of  time  being  too 
small  to  be  appreciated. 

(136) 
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Light  proceeds  from  visible  objects  in  straight  lines. 

Thus  we  can  only  see  a  body,  whea  looking  through  a  straight  tube, 
by  directing  the  tube  towards  the  body. 

6.  The  intensitjr  of  light  varies  with  its  distance  from  us ; 
that  is  to  say,  like  all  other  principles  which  emanate  from  a 
centre,  the  intensity  of  light  decreases  as  the  squares  of  the 
distances  increase. 

Thus,  at  the  distance  of  two  yards,  the  intensity  of  light  will  be  one 
fourth  of  what  it  is  at  one  yard ;  at  three  yards,  the  intensity  will  be 
one  ninth  of  what  it  is  at  one  yard ;  and  so  on :  the  reason  of  this  is 
rendered  mani&st  by  Fig.  1. 


JFV^.  1. 

7.  There  are  two  remarkable  laws  of  light,  viz.,  reflection 
and  refraction. 

Every  boy  is  familiar  with  the  reflection  of  the  sunlight  from  a  bit 
of  looking  glass. 

Wlicn  we  look  upon  the  sui&ce  of  a  stream,  we  see  the  objects  on  its 
opposite  bank  reflected  from  its  surface.  In  this  case,  the  reflected  im- 
ages of  the  objects  appear  turned  upside  down. 

We  see  our  faces  reflected  from  the  surface  of  the  looking  glass.  In 
tlus  case,  the  side  of  our  face  to  the  left  appears  on  the  right  of  the  re- 
flected image. 

We  plunge  a  stick  into  water ;  the  stick  appears  bent :  this  is  o^ing 
to  refraction. 

We  look  through  a  tumbler  of  water  upon  an  object  placed  on  the 
opposite  side ;  the  object  appears  very  much  enlarged  and  somewhat  dis- 
torted: this  is  owing  to  refraction :  the  rays  of  light  proceeding  from  the 
object  are  changed  from  their  right-lined  course  in  passing  through  the 
transparent  medium.  This  change  of  direction  is  called  the  effect  of 
refraction. 

8.  The  great  Newton  ooiisidered  that  light  la  an  emanatioa  from 
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tt  bodu*,  and  comsits  of  t(97  minute  particlea  whicb  aie  toa  fins 
or  subtile  to  exhibit  the  or^aary  propertieB  of  matt^,  >nd  which  tiwd 
in  straight  lines  with  incwiceavable  velocity,  and  produce 
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of  light  by  paming  into  the  eye,  striking  agsinit  the  expanded  neire  of 
vimm  called  the  retina.  This  hua  been  called  the  aorpiMcuiar  ihtory  of 
light.  There  is  Bootber  theory  of  light,  pretty  generally  now  adopted 
by  philosophers,  which  ia  Juiown  as  the  undiiiatoyy  theory  of  light :  ac- 
Coniing  to  this  theory  light  is  supposed  to  be  propagated  by  the  unduln- 
tioiu  of  a  subtile  ethereal  medium  which  pervades  all  space.  Now,  as 
either  of  these  thooriea  serres  the  purpose  of  explajmng  and  classi^ring 
the  facts  which  we  shall  hare  occasion  to  notice,  we  shall  not  limit  oui- 
bcItcs  by  decidedly  adopting  either  the  one  theery  ta  the  other. 
12* 


138  NATURAL    AND    EXPERIMKNTAL   PHILOSOPUV. 

EXPERIMENTS   ELUCIDATING  THE   LEADING    PRINCI- 
PLES OF  OPTICS. 

9.    REFLECTION. 

JSip.  1 .  Lay  a  small  looking  glass  upon  the  floor,  with  its  fiuse  upper- 
most ;  place  a  burning  candle  on  the  floor,  at  wme  distance  from  the 
looking  glass,  so  that  the  light  from  the  candle  may  iall  obliquely  upon 
the  surface  of  the  glass :  place  yourself  on  the  side  opposite  to  the  can- 


^.3. 

die,  shifting  your  position  until  you  catch  a  sight  of  the  image  of  the 
candle  reflected  from  the  glass. 

(I.)  llie  reflected  ray  makes  the  same  angle  with  the  glass  as  the  inti- 
dent  ray* 

(2.)  The  image  of  the  candle  appeais  as  much  behw  the  surface  of 
the  glass  as  the  candle  itself  stands  ab(n>e  the  glass. 

Bring  the  candle  about  a  feot  nearer  to  the  reflector :  then  you  will 
have  to  bring  your  eye  the  same  distance  nearer  to  it ;  thereby  showing 
that  the  reflected  ray  always  makes  the  same  angle  with  the  surface  of 
the  reflector  that  the  incident  ray  does. 

The  angle  of  reflection  is  always  eqnal  to  the  angle  of  inci- 
dence. 

Thus,  let  E  F  be  the  reflecting  surface,  , 

A  B  the  incident  ray,  B  C  the  reflected 
ray,  and  B  P  a  perpendicular  to  the  sur- 
face E  F;  then  the  angle  A B  P  which 
the  incident  ray  makes  with  this  perpen- 
dicular is  called  the  angle  of  incidence, 
ond  the  angle  C  B  P  which  the  reflected 
ray  makes  with  this   perpendicular  the 
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■ngle  of  reflection;  and  these  tivo  angles  st«  always  equal  to  atch 
other. 

It  ia  quite  true,  at  (he  same  time,  that  the  angle  ABE,  which  the 
inddeut  ray  makes  with  the  surface  of  the  reflector,  ia  always  equal  to 
(he  angle  F  B  C  which  the  reflected  ray  makes  with  the  surface  of  the 
reflector. 

In  Kg.  6,  A  B  is  the  incident  ray  proceeding  &om  the  fop  of  the  tree, 
atid  B  C  the  reflected  ray ;  E  F  is  the  incident  ray  proceeding  from  one 
of  the  lower  broucha,  and  F  C  the  reilected  ny.    Now,  bccauBe  of  the 


equali^  of  the  angles  of  inddence  and  reflection,  the  image  D  of  the  top 
of  the  tree  appenn  as  much  below  the  surface  ot  the  water  a*  the  top 
of  the  tree  A  ia  really  above  it. 

R^.  2.  Ta  oblain  Ihm  or  mors  refieeled  itnaget  of  an  o^jfrf .  —  Place 
a  mull  mirror  perpendicular  to  n  larger  one :  put  any  object  between 
th^n;  bring  youfcyeain  froutoflhesmallerjiuiTOr;  you  will  distinctly 
•ee  three  reflected  images  of  tlie  object  —  that  is,  one  image  &i»n  the 
teflection  til  the  latge  miitor,  another  from  the  reflection  of  the  iniall 
minor,  and  a  third  Irom  tlic  double  reflpction  of  the  two  minors. 

Place  youndf  befiire  two  large,  parallel  looking  glanes,  fixed  to  the 
oi^raoite  walls  of  a  room,  and  you  will  see  a  countli^  icties  of  images 
reflected  from  the  glass.  This  dTert  i^  produced  by  a  fcriee  of  aucrassive 
reflections. 

Exp.i.  Ti  get  a  sight  pf  the  back  of  yoir  liead,  —  riace  youiBelf  nilh 
your  back  towardsalaigelooking-glats;  hold  a  amaH  looking  glass  with 
its  &ce  towards  you,  but  a  little  to  one  side,  and  with  its  surface  somewhat 
inclined  to  the  plane  of  the  large  mirror;  after  a  little  BtfjuGtment  yon 
will  get  a  distinct  view  of  the  back  portion  of  your  head.    It  is  icarcelf 
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necessary  to  say  that  this  is  due  to  two  reflectbnB :  the  back  port  of  your 
head  is  reflected  firoin  the  large  mirror  to  the  small  one,  ;md  then  this 
last  image  is  reflected  from  the  surface  of  the  small  mirror  to  the  eye. 

Exp.  4.  A  person  may  $ee  his  whok  Jigttre  reflected  from  the  eurfaoe 
of  a  companUvoely  email  mirror.  —  Place  yourself  a  few  feet  in  front  of 
a  mirror  A  B ;  move  backwards  until 
you  get  a  sight  of  your  whole  figure : 
the  rays  of  light  C  A  proceeding  fix)m 
your  head  fall  perpendicularly  upon 
the  mirror,  and  are  therefore  reflected 
back  in  the  same  line ;  the  rays  B  D 
proceeding  from  your  feet  Ml  obliquely 
upon  the  mirror,  and  are  therefore  re- 
flected according  to  the  law  of  reflection  before  explained,  in  the  direction 
B  C ;  so  the  image  of  the  image  of  the  fleet  is  seen  at  F  in  the  direction 
of  the  line  C  B  produced.  The  image,  as  before  stated,  will  appear  to  be 
standing  as  much  behind  the  glass  as  the  actual  flgure  is  standing  before  it. 

Exp.  6.     The  ma^  perspective,  as  it  is  called*  is  produced  by  an  ar- 
rangement of  reflectors  which  enahleB  a  penon  to  flee  an  olgect  notwith- 
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Fig.  7. 

standing  the  interposition  of  an  opaque  screen.  ^  h,  g,  and  k  axe  kx>k- 
ing  glasses  inclined  at  angles  of  46°  to  the  horizon ;  P  is  the  object*  P  I 
the  incident  rays,  and  I  hg  k  A  the  course  of  the  rdftcted  rays ;  and 
the  eye  at  A  perceives  the  image  of  the  object  in  the  last  miiTor  in  the 
direction  A  k.  * 

Exp.  6.  The  kaleidoscope  coni^sts  of  a  long  tube,  blackened  inside, 
having  three  pieces  of  looking  glass  inserted  in  it  lengthwise ;  one  end 
of  the  tube  is  closed  by  a  piece  of  window  glass,  and  on  it  is  fitted  a  con- 
tinuation of  the  tube,  the  end  of  this  tube  being  closed  with  a  piece  of 
ground  window  glass ;  the  space  between  these  two  glasses,  which  does 
not  exceed  a  quarter  of  an  inch,  is  filled  with  pieces  of  colored  glass ;  the 
'  other  extremity  is  covered  with  a  cap  having  a  small  hole  through  its 
centre,  to  which  the  eye  must  be  applied.  Hold  the  tube  with  the  ground 
glass  to  the  light ;  look  through  the  hole  at  the  pieces  of  colored  glass, 
and  the  image  of  a  regular  hexagonal  star  will  be  seen.  The  effect  is 
due  to  the  successive  reflections  which  take  place  from  the  suifiAoes  of 
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the  three  minors ;  the  rays  proceeding  firam  each  bit  of  glass  undergo 
fire  reflections,  which,  with  the  object  itself  presents  six  distinct  images 
totheeye. 

Ejq).  7.  A  amcaoe  mirror,  — •  Look  into  the  concaye  face  of  a  watch 
glass,  taking  care  to  have  a  dark  ground  behind  it;  after  adyusting  for 
the  fiKus,  you  will  see  a  small  inverted  image  of  your  &ce  reflected 
UfMn  the  concave  8ur£u!e  of  the  glass. 

Hold  a  small  otgect,  such  as  the  head  of  a  pin,  very  near  to  the  sur- 
live  of  the  reflector:  an  enlarged  image  of  the  object  will  be  seen  behind 
the  glass. 

A  convex  mirror,  —  Look  at  the  convex  face  of  the  watch  glass,  and 
similar  effects  will  be  observed. 

10.    REFRACTION. 

Bap.  1.  7b  form  the  image  of  a  candie  by  the  tranemiseion  ofite  Upht 
through  a  hole,  —  Pierce  a  thick  sheet  of  writing  paper  with  a  stout 


Fig.  8. 

darning  needle;  hold  the  paper  between  a  Ughted  candle  and  the  wall 
of  the  room :  an  inverted  image  of  the  candle  will  be  thrown  upon  the 
wall ;  move  the  jnper  fbrwaitLs  or  backwards,  until  you  have  attained 
^mt  position  which  gives  the  most  distinct  image :  you  have  then  got 
thefocus. 

This  effect  is  simply  due  to  the  principle  that  Ughi  is  propagated  m 
etndght  Unee,  The  rays  of  light  proceeding  from  the  object  cross  one 
another  in  passing  through  the  orifice  O ;  the  rays  finom  the  top  A  of  the 
candle,  pursuing  the  straight  line  A  O  B,  fall  upon  the  wall  at  B ;  and, 
in  like  manner,  the  rays  from  the  bottom  C  of  the  candle  fall  upon  the 
wall  at  D,  thereby  producing  an  inverted  image  of  the  candle  upon 
the  wall. 

Bring  the  candle  nearer  to  the  wall,  and  at  the  same  time  shift  the 
portion  of  the  orifice  so  as  to  adjust  the  fecus,  and  you  obtain  an  image 
of  smaller  size,  but  of  more  intensity. 

Exp,  2.  Place  an  empty  vessel  so  as  to  make  the  shadow  of  its  edge 
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<^ 


Fiff.9. 


Fig.  10. 


to  fiQl  exactly  at  the  lower  angle  b  —  that  is,  ao 
that  the  ray  of  light  proceeding  from  the  candle 
shall  be  in  the  direction  8  d  b;  now  fill  the  yessel 
with  water,  and  the  light  fiom  the  refraction  of 
the  liquid  will  be  extended  orer  the  bottom  of 
the  veflsel,  as  shown  in  Fig.  9. 

Exp.  3.  Place  a  coin  C  at  the  bottom  of  an 
empty  tumbler ;  bring  your  eye  £  in  a  line  E  K  C  with  the  edge  of  the 
glass  and  the  outer  edge  of  the  coin ;  widiout 
moving  your  eye,  pour  water  into  the  glaas : 
the  whole  of  the  coin  will  now  be  visible — 
that  is,  it  will  be  seen  in  the  direction  £  D  B. 
The  ray  C  D  upon  passing  out  of  the  water 
becomes  bent  in  the  direction  D  £,  bo  that  the 
edge  C  is  now  seen  in  the  direction  £  D  B. 

^Vhen  a  ray  of  light  is  thus  bent  from  its 
straight-Uned  course,  it  is  said  to  undergo  ro- 
fraction. 

Light  always  undergoes  refraction  when  it  passes  obliquely 
from  one  medium  to  another.  But  when  the  light  passes 
perpendicularly  from  the  surface  of  the  one  medium  to  that 
of  the  other,  it  ia  not  altered  jn  its  straight^lined  course. 

Exp.  4.  Fill  a  tumbler  vdth  wafer  ;  place  the  leaf  of  a  book  close  to 

one  side  of  the  glass ;  look  through  the  water  at  the  print ;  you  will  see 

•    it  much  enlarged.    Here  the  round  portion  of  the  glass  acts  as  a  convex 

hns,  which,  on  the  principle  of  refraction,  causes  the  print  to  appear 

•larger  than  it  really  is. 

A  cylindrical  bottle  filled  with  water,  used  in  this  manner,  makes  a 
good  microscope, 

A  good  reading  glass  may  be  formed  by 
crossmg  two  bottles  filled  with  clear  water,  as 
shown  in  Fig.  11,  and  looking  through  the 
crossed  portion. 

Exp.  6.  Take  one  of  the  convex  lenses  of  an 
aged  person's  spectacles,  and  hold  it  between  a 
candle  and  the  wall  of  the  room ;  an  inverted 
image  of  the  candle  will  be  throA^ii  uxx)n  tiie 
wall;  move  the  lens  forwards  or  backwards 
until  you  have  attained  that  position  which 
gives  the  most  distinct  image ;  you  have  then  got  the  focus  of  the  lens. 

Here  the  central  rays  c  F  C  pass  pc'rpendicularly  through  the  lens* 


Fig.  II. 
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Fig,  12. 

and  Tindergo  no  refraction ;  the  extreme*  rays  a  D,  falling  obliquely 
upon  the  lens,  are  bent  in  passing  through  it,  and  are  thus  bent  or  re- 
firacted  into  the  course  I)  A ;  in  like  manner,  6  £  is  refracted  into  the 
direction  £  B  ;  and  hence  the  image  of  the  candle  appears  inverted. 

Exp,  6.  Look  through  the  spectacle  eye  upon  some  print ;  move  the 
lens  up  or  down  imtil  you  have  got  the  focus ;  the  print  will  appear 
considerably  enlarged. 

Perform  the  same  experiment  with  the  lens  of  the  spectacles  used  by 
a  short-sighted  person  ;  the  print  will  appear  smaller  than  it  really  is. 
In  this  case,  the  lens  is  hollow  or  concave. 

Exp,  7.  Take  any  piece  of  cut  glass,  such  as  the  stopper  of  a  de- 
canter bottle,  and  hold  it  between  your  eye  and  the  light ;  keep  turning 
it  round,  and  you  will  see  all  the  colore  of  the  rainbow.  A  triangular 
piece  of  cut  glass,  called  a  glass  prism,  will  ans^ver  the  purpose  best. 
Here  the  rays  of  light  are  decomposed,  by  refraction,  into  tbefr  different 
colored  pencils  of  light. 

Exp,  8.  To  produce  an  artificial  rainbow,  —  When  the  sun  is  sliining 
near  the  horizon,  get  a  person  to  project  water  from  a  wet  broom ;  place 
yoiurself  between  the  sun  and  the  scattered  water,  having  your  face 
towards  the  shower  of  drops,  and  you  will  observe  all  the  colored  tints 
of  the  rainbow.  Here  the  little  drops  of  water  obviously  decompose  the 
light. 

Exp,  9.  (1.)  Observe  that  while  you  blow  a  soap  bubble,  the  varied 
tints  of  the  rainbow  may  be  seen  reflected  from  the  thin  film  of  fluid 
forming  the.  bubble.  The  varying  thickness  of  the  iUm  produces  these 
changes  of  color. 

(2.)  Observe  also  the  colors  exhibited  by  a  drop  of  oil  as  it  spreads 
itself  over  the  surface  of  water. 

(3.)  Take  a  \9titch  glass  and  a  piece  of  common  window  glass ;  press 
the  two  steadily  together,  and  luminous  lings  will  be  seen  about  their 
point  of  contact. 

These  phenomena  depend  upon  what  has  been  called  the  interference 
of  light. 
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Ea^,  10.^(1.)  Hold  a  fine  needle  close  to^«ne  eye,  the  other  being 
ahut ;  and  look  fixedly  at  it,  against  any  light  object  as  a  background ; 
you  will  see  several  needles. 

(2.)  Make  a  straight  cut  in  a  piece  of  card  board;  look  through  the 
narrow  opening  at  the  candle ;  on  each  side  of  the  real  candle  you  will 
see  other  candles  marked  with  the  colors  of  the  rainbdW. 

(3.)  If  the  light  of  the  sun  be  admitted  into  a  dark  room,  by  a  very 
narrow  chink,  several  luminous  chinks,  separated  by  dark  bands,  will  be 
visible  on  the  opposite  wall. 

(4.)  Suspend  a  black  ball  in  the  sunlight ;  the  round  shadow  of  the 
ball  will  contain  bands  of  light. 

These  phenomena  depend  upon  what  has  been  called  the  diffraction 
of  light, 

REFLECTION   OF  LIGHT  FROM    CONCAVE  AND   CONVEX 

MIRRORS. 

11.  Mirrors  are  divided,  according  to  the  form  of  their 
surfaces,  into  plane^  convex^  and  concave.  The  common 
looking  glass  is  a  plane  mirror. 

The  law  of  the  reflection  of  light,  which  has  been  ex- 
plained, holds  equally  true  with  respect  to  convex  and  con- 
cave reflectors. 

Let  acb  represent  a  plane  mizTOr,/o  g  a  convex  mirror,  and  dce& 
concave  mirror,  all  touching  each  other  in  the  comman  point  c;  c  /  a 


Fig.  13. 

perpendicular  to  the  plane  ab;  ho  the  direction  of  the  incident  ray,  and 
c  A  the  direction  of  Uie  reflected  ray ;  then  hcl  vdll  be  the  angle  of  in- 
cidence, and  Ich  the  angle  of  reflection,  to  any  of  these  miiron,  and 
these  angles  will  always  be  equal  to  each  other — that  is,  angle  x  will  be 
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equal  to  angle  y,  and,  as  a  necessary  consequence,  angle  to  will  be  equal 
to  angle  c  It  Tvill  be  obsenred  that  a  b  fbnns  a  tangent  to  the  curved 
mirroES  at  the  point  of  contact  c,  and  that  e  I  is  perpendicular  to  the 
curves  at  the  point  c,  bdng  perpendicular  to  the  tangent  line  a  b. 


Fig.  14. 


12.    CONCAVE   MIRRORS. 

The  general  effect  of  concave  mirrors  is  to  produce  an 
image  larger  than  the  object  itself. 

Let  av»  {J?ig*  14)  represent  a  concave  minor;  c  its  centre,  that  is,  c 
18  the  centre  of  the  circle  a  v  s;  r  a  luminous  point,  or  the  flame  of  a 
small  candle ;  then  incident  rays  r  «, 
r  »,  £Edling  upon  the  sur&ce  of  the 
minor,  will  be  reflected  to  the  same 
point  t,  in  the  directions  a  t,9  t,  mak- 
ing the  angle  of  incidence  r  »  c  equal 
to  the  angle  of  reflection  est.  At  the 
point  t,  called  the  focus  of  the  minor, 
a  small  image  of  the  luminous  olject 
will  be  formed,  which  may  be  received 
upon  a  piece  cf  thin  white  paper.  The 
line  e  v  produced  is  called  the  axis  of 
the  reflector. 

.  The  points  r  and  t  are  convertible ;  that  is  to  say,  if  the  flame  of  the 
candle  be  placed  at  t,  then  r  becomes  the  focus,  and  an  enlarged  image 
of  the  candle  will  be  flsmed  at  this  point. 

When  the  rays  of  light  r  «,  W  t*,  &c., 
(¥1g.  15,)  fidl  upon  the  concave  mirror 
i  V  a*,  paralld  to  the  axis  e  v,  they  are 
reflected  into  a  point  f,  exactly  midway 
between  the  reflector  and  its  centre  e. 
The  pomt/  is  called  the  principal  Jbcust 
and  its  distance/*  v  from  the  speculum  or 
reflector  is  called  the  principal  focal  dit' 
tanee. 

In  Tig.  14,  /  is  the  principal  focus,  ^'  ^^' 

xnaidng  f  V  sssf  e ;  t  iaafocui  to  the 

rays  proceeding  from  a  luminous  point  at  r;  in  this  case  the  incident 
rays  are  not  parallel  to  the  axis ;  hence,  by  way  of  distinction,  the  focus 
of  parallel  rays  is  called  the  principal  focus. 

When  the  rays  of  light  come  from  a  point  r  beyond  the  centre  c, 
as  in  Fig.  14,  the  reflected  rays  will  all  conrerge  to  the  locus  t 

13 
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between  the  pzincipal  fixus  /  and  the  centre  o 
of  the  speculum ;  on  the  contrary,  if  the  rays 
of  light  come  from  a  pdnt  r  (see  Fig.  16)  be- 
tween the  mizTor  and  the  principal  focus,  the 
reflected  rays  »q,B  q^,  &c.,  will  all  diveige  from 
the  aids  Y  c  If  the  luminous  body  be  placed  in 
the  principal  focus  /,  (see  Fig.  15,}  then  the  re- 
flected rays  ar,  tr*,  &c,  will  all  be  parallel  to 
one  another. 

The  image  of  the  olyect  is  inverted,  "Let  D  B 
be  the  concave  mirror,  (see  Fig.  17 ;)  C  its  centre ;  A  B  a  distant  object 
placed  before  it ;  and  a  6  its  inrerted  image,  reflected  fixmi  the  mirror. 
Here  the  incident  rays  A  D,  proceeding  fiom  the  point  of  the  arrow. 


Fig.  17. 

are  reflected  in  the  directioii  D  a,  making  the  angle  of  reflection  CD  a 
equal  to  the  angle  of  incidence  ADC;  and  the  incident  rays  B  E,  pro- 
ceeding from  the  foot  of  the  arrow,  are  reflected  in  th6  direction  E  6, 
making  the  angle  of  reflection  C  E  6  equal  to  the  angle  of  incidence 
B  E  C ;  and  so  on  to  other  points ;  thereby  producing  the  little  inverted 
image  a  6  of  the  arrow  in  the  focus  of  the  reflector. 

If  a  nnall  object  be  placed  at  the  focus  a  6,  then  an  enlaced  image 
will  be  formed  at  A  B. 

Exp,  1.  Place  a  candle  at  a  distance,  opposite  to  a  concave  minor, 
(see  Fig.  17  ;)  hold  a  thin  piece  of  white  paper  near  the  surfooe  of  the 
mirror ;  a  small,  bright,  inverted  image  of  the  candle  will  be  thrown  upon 
the  paper ;  move  the  paper  backwards  or  forwards  until  you  have  got 
the  exact  focus.* 

Exp.  2.  Beverse  the  last  experiment,  that  is  to  say,  place  the  candle 
in  the  focus,  and  then  an  enlarged  image  will  be  thrown  upon  the  paper 
placed  at  A  B. 

Exp.  3.  Hold  the  concave  mirror  facing  the  sun ;  hold  a  piece  of 
paper  in  the  focus,  and  an  intensely  bright  image  wiH  be  formed,  which 


*  A  common  tin  reflector  answers  very  well  for  making  these  experiments. 


LIGHT   AND    HEAT. 


147 


inll  almost  instantly  ignite  the  paper.  This  forms  a  burning  mirror. 
In  this  case  the  luminous  image  lies  in  the  principal  focus  of  the  re- 
flector. 

Exp.  4.  Place  the  candle  in  the  principal  focus  of  the  reflector ;  the 
rays  of  light  will  all  be  reflected  parallel  to  the  axis,  and  will  illuminate 
the  wall  of  the  room  upon  which  they  are  thrown.  Bring  the  candle 
still  nearer  to  the  reflector,  and  the  reflected  rays  will  all  diverge  &om 
the  axis,  and  will  illuminate  a  greater  extent  of  surface. 

Exp,  6.  Place  the  object  K  S  bet^-een  the  minor  and  principal  fixsus 


Fig.  18. 

/,  as  shown  in  Fig.  18 ;  an  enlarged  image  of  the  olgect  wUl  be  seen,  in 
its  erect  position,  behind  the  mirror. 

Exp.  6.  The  moffie  miirror.—^  Place  a 
small  object  s  n,  concealed  from  the  view 
of  the  obserrer,  between  the  centre  e  and 
the  principal  focus  /;  recdTe  the  enlarged 
image  N  S  through  an  opening  cut  in  a 
board ;  look  in  the  direction  of  this  opening, 
and  you  will  see  the  image  suspended,  as  it 
were,  in  the  air. 

This  effect  is  easQy  explained  on  the  prin- 
ciples which  have  been  already  expounded. 


Fig.  19. 


Id.    CONYEX  MIKBOBS. 

The  principal  focus  of  a  convex  mirror  lies  as  far  behind 
the  reflecting  surface  as  in  concave  mirrors  it  lies  before  it. 
The  focus  in  this  case  is  called  the  virtual  focuSy  because  it  is 
only  an  imaginary  pointy  towards  which  the  rajs  of  reflection 
appear  to  be  directed. 

Let  N  S  be  an  object  placed  before  a  convex  mirror,  (see  Hg.  20 ;) 
e  the  geometncal  eentre  of  the  minw ;  /the  principal  ^ocm ;  N  A  ta 
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incideataln;;  e A. D r Btiaight  line dnwn 
from  the  centre  c;  ABtbecoune  of  tbe 
reflected  i«y,  nulung  tlie  angle  of  ndec- 
tion  DAB  equal  to  the  angle  of  ioctdeoce 
NAD;  then  &  small  direct  image  n  t  will 
be  formed  in  tlie  fbmt. 


J^.  20. 
The  general  effect  of  conrex  mirrors  is  to  produce  an 


image  tmailer  than  the  object  itself. 

The  phenomoia  of  rejected  imagea  it 


e  fuEj  aJuUteil  in  Tigs. 


fy?.32. 

The  incident  rayi  M  D,  M  F,  Bie  scea  in  the  ^rectiima  D  m,  F  m  ; 
and  N  O,  N  H,  are  aeen  in  the  direction*  O  n,  E  n ,-  where  the  distance 
A  m  end  F  n  bdnnd  the  miiron  have  a  certain  coneapondcnce  nith  the 
Hof  the  pdnta  U  and  N  in  front  of  themirnm. 


f^.  21. 


THE  BE  FRACTION  OF  LIGHT. 

14.  The  following  remarkable  law  obtains  in  relation  to  tbe 
refraction  of  light;  When  a  my  of  light  passes  thnn  one 
transparent  medium  to  another,  the  tine  of  the  angle  of  inci- 
dence hat  alwayt  a  conatanl  rutio  to  the  sine  of  the  angle  of 
Tefraction, 

Suppose  m  n  be  the  lurfsce  of  water,  (see  Fig.  23  ;)  aft  the  inddtfd 
lay,  making  with  the  perpendicular  hb  d  the  aagtt  of  mcidena  x  or 
ab  di  ft  e  the  refracted  ray  bent  &am  the  right  line  a  bf,  and  farming 
the  aagit  ofrefraetion  y,ix  ebh.  With  ft  as  a  centre,  describe  the  drcle 
adci  and  on  A  if  let  &1I  the  peipcndiculan  a  ^andoA;  then  a;  is 
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called  the  lina  of  Oia  an^le  af  tnei-  a 

dance,  and  c  h  ia  caUed  the  niie  of 

the  anglt  nf  refradum,  and  those  tvra 

lines  have  atwayi  a  constant  ratio  to 

each  other,  vi£.,  as  4  to  3,  oi  as  1.336 

to  1,  wbateret  (within  cotain  re- 

Mtictionc)  ma;  be  the  angle  at  vhich 

the  lay  a  b  meets  the  lur&ce  of  the 

fluid.    The  number  1.336  U  called 

the  iadex  of  refiradion   for  water. 

Vben  tlie  ineilium  ia  flint  glass,  the 

one  of  the  angle  of  incidence  a  gin 

to  the  sne  of  the  angle  of  refraction 

eh  ai  3  to  2,  or  as  1.6  is  to  1  nearly.  Fig.Zt. 

The  number  1.6  ia  called  the  index  of  rdiBCtion  Ibr  flint  glass.     OlaM, 

therefbre,  bat  a  higher  refractive  power  than  water.     Oeaoally  speaking, 

tht  itiutr  tho  medium  the  higher  U  itt  rejrartirt  poumr*. 

WheD  a  ray  of  light  passes  from  a  rare  to  a  dense  medium, 
as,  for  example,  from  air  to  water,  the  refracted  ray  is  bent 
loward*  the  perpendicular ;  so,  converaety,  when  the  ray 
passes  from  a  dense  to  a  rare  medium,  the  refracted  ray  is 
bent  from  the  perpendicular. 

Newton  accounted  Ibr  the  refraction  of  light  on  the  supposition  that 
madia  of  different  compositions  exert  an  nttraetive  powa"  on  the  rays  of 
light  when  they  ^jfroach  their  respective  bouodaries :  thus  the  fluid 
■a  n  (tee  Fig.  23)  is  supposed  to  exert  ao  attractive  influence  upon  the 
incident  lay  a  6,  when  it  approaches  the  surTace  m  n,  and  thsdiy  bend* 
the  coutse  of  the  ray  downwards. 

Patioge  of  a  Ray  through  a  Male  of  Glats. 
16.  The  ray  will  be  bent  downwards  upon  e 
ing  the  plate,  bi^  it  will  be  bent  as  much  in  the  am 
tiwy  direction  upon  passing  out  ot  the  j^te^  a 
shown  ia  Fig.  24,  so  that  the  course  of  the  my  after 
lefractian  will  be  parallel  to  the  direction  w~     ~ 
had  befixe  refraction. 

Pauagt  of  a  rtfraded  Ray  through  a  Pritm. 

16.   Let  C  (Fig,  2S)  be  a  prism  of  glass ;  a  r  the  incident  ray  falling 

pBipendicularly  on  one  face  of  the  prism  i  then  the  ray  will  nndetgo  ao 
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refraction  on  entering  the  prism,  for  it  will  pur- 
sue the  straight  course  are;  but  upon  leaving 
the  oblique  face  of  the  prism,  the  ray  will  be  bent 
towards  the  sur&ce  of  the  glass,  or,  what  is  the 
same  thing,  it  will  be  bent  from  the  peipendic* 
ular  c  m,  and  will  more  on  in  the  direction  e  £. 
If  the  incident  rays  had  been  inclined  to  the 
plane  of  the  first  face,  they  would  have  unde 
gone  two  different  refractions. 


B 


7%e  MuUiplying  Glass, 

17.  A  D  C  B  represents  a  section  of  a  piece  of  cut  glass  having  three 
faces,  A  D,  D  C,  and  C  B,  inclined  to  one  another,    d^  d  ^ 

as  shown  in  Fig.  26 ;  ef  an  olgect  placed  in  front 
of  the  face  A  B ;  then  an  eye  at  a  will  see  three 
distinct  images  of  the  object  The  rays  d  h  un- 
dergo refraction  in  passing  from  the  fiice  A  D,  and 
dbm  passing  from  B  C,  and  so  on  to  the  other 
faces.  Hie  number  of  images  seen  always  oone- 
spondstothenumher  of  inclined  fS^ces  in  the  mul- 
tiplying gif 


Refraetion  in  Lenses  or  Cflasses  wUh  curved  Faces, 

18.  There  are  six  different  forms  of  simple  lenses. 

Na  L,  ilg.  27,  represents  a  doMe  convex  lens ;  No.  II.  a  plano' 
eofwex  lens ;  No.  m.  a  meniscus  lens,  like  a  watch  glass ;  No.  IV.  a 
dottle  concave  lens ;  No.  Y.  a  plano'-concaioe  lens ;  ^d  No.  YL  a-con- 
cavo-'Oonvex  lens. 


u*     itt^ 


JV*        V#        Vl# 


Fig.  27. 


Fig.  29. 
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D^nitioM  relative  to  lenses.  —  The  line  p  q  (see  Fig.  28)  is  called 
the  diameter ;  e  the  geometric  centre  yen  the  axis ;  m  the  optical 
centre ;  Im  o  a  principal  when  it  passes  through  the  optical  centre. 

Kadii,  e  n^  c  s,  &c,  being  at  right  angles  to  the  curved  Buzface,  con- 
stitute the  perpendiculars  from  which  the  angles  of  incidence  and 
zefractum  are  estunated* 


FOCAL    DISTANCES    OF    LENSES. 

19.  Double  convex  lenses*  —  When  the  incident  rays  are  parallel^  the 
distance  of  the  focus  /is  equal  to  the  radius  of  the  spherical  surfiioe,  ta 
shown  in  Fig.  29.    Heref  is  called  the  principal  focus. 

When  the  incident  rays  are  divergent,  as  in  Fig.  30,  the  focus  r  lies 
beyond  the  principal  focus/. 


Fiff.  29.  Fig.  30. 

When  the  incident  rays  are  convergent,  as  in  "Fig.  31,  the  focus  r  lies 
within  the  principal  focus. 

20.  PUmo-eonvex  lenses.  —  When  the  incident  rays  are  parallel,  the 
distance  of  the  focus  r  is  equal  to  the  diameter  of  the  spherical  surfiice, 
as  shown  in  Fig.  32. 


J^,  31.  Fig.  32. 

21.  In  the  double  convex  lens  L  L,  Fig.  33,  O  and  O'  are  the  oentrea 
of  the  surfaces  of  the  lens,  and  also  the  principal  foci ;  R  the  radiating 
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point ;  F  the  focus ;  and  when  R  approaches  to  P,  the  fbcus  F  leoedes 
to  P' ;  and  when  R  comes  to  O',  the  focus  is  infinitely  distant. 

22.  Double  concave  iensea,  —  DiTergent  incident  rays  diverge  still  more 
after  refraction,  and  seem  to  proceed  from 
a  point  nearer  to  the  lens  than  that  from 
which  they  actually  proceed,  as  shown 
in  Fig.  34,  where  the  rays  proceeding 
from/'  are  refracted  towards  r,  and  ap- 
pear as  if  they  had  emanated  from  H. 
And  so  on  to  other  cases. 

The  fod  of  lenses  may  be  readily  found 
by  the  methods  of  trial  explained  at 
page  146,  &o# 


f^.84. 


IMAGES   OF   OBJECTS   FORMED   BT  LENSES. 

23.  Comex  iemcs.  —  If  the  object  N  S  lie  beyond  the  principal  focus, 
as  shown  in  Fig.  35,  the  image  n  s  will  be  inverted.  If  the  object  be 
very  remote,  as  in  the  case  of  the  sun,  then  the  image  will  be  fonned  in 
the  principal  focus  /;  in  this  case  the  image  wiU  be  very  small.    If  the 


Fiff.  36. 

distance  of  the  object  be  equal  to  twice  the  principal  focal  distsnoeb  the 
image  will  be  at  the  same  distance  on  the  other  side  of  the  lens,  and  of 
the  same  size  as  the  object. 

If  the  distance  of  the  object  be  still  fruther  diminished,  yet  not  within 


Fig,  36. 

the  principal  focal  distance,  the  image  will  recede  from  the  lens,  and  its 
dimensions  will  be  increased  accordingly,  as  shown  in  Fig.  36. 

If  the  object  N  S  be  brought  within  the  principal  focal  distance,  as 
shown  in  Fig.  37,  an  eye  at  the  focua/t^  see  an  enlarged  image  of  the 
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object  atnt.    In  this  case  the  refracted  rays  do  not  croBs  each  other,  and 
hence  the  image  is  seen  erect. 


Fig.  37. 

Conyez  lenses  are  called  maonifttng  glasses,  because 
they  thus  increase  the  apparent  size  of  objects  viewed  through 
thein. 

2-4.  Concave  lenses,  —  These  lenses  diminish  the  apparent 
size  of  objects ;  hence  they  are  called  diminishing  glasses. 

An  object  N  S,  (see  Fig.  38,) 
yiewed  from  the  point  /,  wi^  pre- 
sent a  small  image  n  s  in  the  'vir- 
tual focus. 

All  the  phenomena  relatiTe  to 
convex  and  concave  lenses  are  pre* 
cisely  analogous  to  those  produced 
by  concave  and  convex  miirprs. 


1^.38. 


25.  Distortion  of  images  produced  by  spherical  aberro' 
tion,  —  The  images  of  objects  produced  by  spherical  lenses 
and  mirrors  are  only  true  for  the  rays  which  lie  near  to-  the 
axes.  The  rays  which  fall  at  a  distance  from  the  axes  pro- 
duce distortions  in  the  images,  which  have  been  called  spheri- 
cal aberrations.  In  order,  therefore,  to  produce  a  tolerably 
correct  image,  it  is  necessary  that  the  extreme  rays  falling 
upon  the  lenses,  or  upon  tlic  mirrors,  as  the  case  may  be, 
should  be  excluded  from  the  other  rays  forming  the  picture. 

There  are  other  devices  for  effecting  this  purpose,  which  would  be 
foreign  to  the  object  of  this  work  to  exjilain  very  minutely. 

Descartes  discovered  that  a  concave-convex  lens,  A  L  a  L,  (Pig.  39,) 
having  far  its  convex  rarfacc  a  portion  of  an  ellipse,  could  be  made  so  as 
to  correct  any  spherical  nlierration  ;  and  Sir  J.  llerschel  discovered  that 
the  same  might  be  effected  by  two  lenses,  A  B  and  C  D,  (Fig.  40.) 
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36.  Omlie  eurvtt  firmad  6y  r^fUelien.  —  Tbe  nji  at  light  icAected 
ftam  ttw  difiRDt  point*  of  a  concne  teflaotDr  M  B  N,  (Fig. «!,)  cnM 
caie  mother  at  particular  podnOt  *"^  llkua  a  hmunoua  dure  of  rcAeoted 


Fig.il. 


light,  known  bj  tbe  nune  of  the  ematie  ame,  i*  tonaei.  R  1,  R  3, 
R  3,  ftc.,  aie  the  tnddent  rsyi  jvoceeding  from  the  himimnu  point  B. 
and  1  1,  2  2,  8  3,  &c>,  aie  their  raqwdive  ndected  raja ;  the  ImaiiKiua 
intenectioiit  form  the  caualic  curve  M  F  N. 

To  dbeave  thia  cuire,  place  a  lighted  candle  at  a  little  diatsnce  from  a 
baain  about  one  half  full  of  milk ;  then  a  lominoua  cure  will  be  Men 
upon  the  tut&ce  of  the  milk. 


OPTICAL    INSTRUMENTa 

THB   HUMAN    EYE. 


27.  The  ej%  is  a  lens  of  the  most  delicate  and  elaborate 
constractioa.    The  eye  is  so  coDBtrncted  that  it  Soma  images 
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c^  external  objects  xxpouoL  a  thin  screen  of  nerves  compinnicat- 
iqg  with  the  brainy  and  thus  tbe  sensation  of  vision  is  pit>- 
doced.  There  is  nothing  in  nature  which  moxa  Mlj  demon- 
strates the  existence  of  a  great  and  beneficent  Creator  than 
the  adaptation  of  the  human  eye  to  the  purposes  for  which  it 
is  designed  to  serve.  Let  us  look  more  minutely  into  the 
construction  of  this  wonderful  organ. 

The  eye  is  nearly  spherical  in  figure ;  it  consists  of  several 
aembianes  or  coats,  the  anterior  or  front  portions  of  which 
are  transparent,  so  as  to  admit  the  rays  of  light  proceeding 
from  external  objects  into  the  interior  of  the  eye.  These 
coats  enclose  two  colorless  fluids  or  humors,  separated  from 
each  other  by  membranes ;  the  anterior  portion  being  called 
the  aqueous  humor,  and  the  posterior  portion  the  viireous 
humor.  In  the  centre  of  this  partition  is  a  circular  aperture, 
or  hole,  for  the  admission  of  light,  called  the  pupil  of  the  eye, 
behind  which  is  a  double  convex  lens,  called  the  crystcMine 
leMm  Opposite  to  this  lens  is  the  optic  nerve,  which  extends 
itself  over  the  inner  sur&ce  of  the  eye.  The  eye  is  sur- 
rounded by  bones,  and  is  moved  by  various  muscles.  The 
optic  nerves  of  both  eyes  unite  in  a  common  nervous  cord 
which  communicates  with  the  brain. 

Fig,  43  iffpt^mpatik  a  front  view  of  the  eje ;  and  ]?1g.  42  «  floctionEl 
Tiew  of  it.    The  wme  lettezs  of  refierenQe  sre  used  in  both  figuzeB. 


/\i^.  43. 


1^.43. 


tkhdc^  the.outerxnoK  mm^arm^  is  called  the  Settroiie  eoat :  it  forms 
the  white  of  the  eye ;  a  6  c,  the  prqjecting  transpaxent  part,  is  called  the 
Oomea;  e  is  the  CrystaOme  lens  suspended  between  the  CiUary  Processes 
g  A,  which  diTide  the  eye  into  two  chamber^  I  and  gmnh;  the  smaller 
and  anterior  portioB  /  is  filled  with  the  Aq\isous  humoT^  and  the  larger 
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and  poataior  portion  with  the  Viirwu»  humor;  the  fimner hnmor  iB  Hke 
water,  and  the  latter  Kymewhat  like  a  JeQy,  but  both  ara  ooiladeaB  and 
highly  transpaient,  and  have  about  the  same  refractiye  powen  as  water, 
which  18  also  the  case  with  respect  to  the  aystaUxne  humor.  $mnk}B 
the  Ckotrcid  eoat,  lining  Uie  whole  of  the  interior  aoiftce  of  the  sclerotic 
coat,  in  the  faan.  of  a  black  slimy  pigment  or  paint,  to  prevent  any  re- 
flection of  light  taking  place  within  the  eye.  Between  the  crystidluie 
lens  and  the  ocsnea  is  the  Iria  kale^  whibh  givA  the  pecnliar  color  to 
the  ring  of  the  eye,  in  the  middle  of  which  is  the  Pti^  ^  which  has  the 
power  of  expanding  and  contracting  to  suit  the  intensity  of  the  lig^ 
f  Is  the  OpUe  Nerve,  which  passes  through  the  sderotica.  and  spreads 
itself  over  this  coat  in  a  reticulated  form  m  n,  or  in  the  form  of  netwoik* 
and  is  called  the  Beiina,  The  nerves  of  the  two  eyes,  as  we  have  already 
observed,  unite  in  a  commnn  nervous  cord  which  ocmmunicates  with  the 
brain. 

Now,  when  rays  of  light  from  any  luminous  object  ffill  upon  the  eye^ 
they  pass  through  the  pupil,  and  then,  become  refracted  by  the  crystal- 
line lens  in  the  same  manner  as  by  any  other  double  convex  lens,  and 
then  converge  to  a  focus  at  the  retina,  where  a  tmatt  inverted  image  of 
the  object  is  formed,  which,  acting  on  the  fine  network  of  nerves,  pro- 
duces the  sensation  of  vision.  It  must  be  observed  that  the  oqueoua  and 
vitreous  humorB  also  influence  the  refraction  of  the  light* 

When  the  lenses  of  the  eye  are  too  round,  or,  it  may  be, 
too  dense,  the  rays  of  light  are  brought  to  a  focus  before  fhej 
reach  the  retina :  this  takes  place  with  thort^ghUd  people ; 
on  the  contrary,  when  the  lenses  are  too  flat,  or  too  thin,  the 
focus  of  the  rays  lies  beyond  the  retina :  this  takes  place  with 
aged  people,  who  are  said  to  be  Icng-tighUd.  To  correct  the 
foeus  of  vision,  short-sighted  persons  use  concave  glasses,  and, 
on  the  contrary,  long-sighted  persons  use  convex  glasses. 

An  olgect  appears  less  and  less  as  its  distance  from  us  is  increased. 
Thus  the  airow  at  A  B  (Fig.  44)  will  appear  larger  to  the  eye  £  of  a 
person  than  it  would  do  at  D  C.  If  the  apparent  lengths  of  the  arrow 
in  these  two  positions  be  measured  by  meana  of  a  pencil  or  Uttle  rod,  we 
shall  find  tha^  the  arrow  at  A  B  will  appear  of  the  siae  a  &  on  the  pencil, 
whereas  the  arrow  at  D  C  will  appear  only  of  the  size  decBk  the  penciL 

In  judging  of  the  actual  size  of  an  object,  we  always  take 
into  account  the  distance  at  which  it  is  seen. 

Thus,  although  a  boy  near  at  hand  may  agpear  to  us  larger  than  a 
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Fig.  44. 

man  et  a  distance,  yet  we  always  form  a  correct  idea  of  their  relative 
dunensions  by  making  an  allowance  fixr  the  effect  of  distance. 

We  fonn  a  judgment  of  the  distance  of  an  object  by  the 
number  and  size  of  the  intervening  objects,  and  by  the  dis- 
tinctness or  indistinctness  of  its  outline. 

The  flpsreof  a  church,  as  it  appears  in  the  fax  horizon  piercing  the  sky, 
may  be  very  lofty,  or  it  may  be  scarcely  higher  than  an  ordinary  build- 
ing ;  but  there  are  men  )md  carriages,  fields  and  cattle,  forests  and  houses, 
hi]]0^  and  valleys,  between  us  and  that  spire,  and,  besides,  the  windows  in 
its  tower  are  so  indistinct  that  they  can  scarcely  be  distinguished ;  from 
all  this  we  conclude  that  the  spire  is  a  ^rcot  distance  off,  and  that  it  is 
very  lofty.  A  man  seen  through  a  fog  sometimes  appears  to  us  like  a 
giant ;  how  is  this  ?  The  fog,  while  it  throws,  as  it  were,  a  veil  over 
the  intervening  olgects,  causes  the  oiiject  to  appear  indistinct,  and  there* 
by  gives  us  a  false  impression  with  respect  to  its  actual  distance ;  that  is 
to  say,  the  fog  causes  us  to  believe  that  the  man  is  at  a  greater  distance 
from  us  than  he  really  is,  and  thus  we  are  IM  to  assign  to  him  an  unu- 
sual magnitude.  We  make  the  same  allowance  for  distance,  &c,  with 
respect  to  the  objects  represented  in  a  picture,  that  we  do  when  lookuig 
at  the  aetoal  olgects. 

The  angle  formed  by  the  rajs  of  light  passing  from  the  top 
and  bottom  of  an  object  to  the  eye  is  called  the  vUual  angle 
or  the  opHc  angle. 

Thus  the  visual  angle  of  the  arrow  at  A  B  (see  Fig.  44)  is  the  angle 
A  £  B ;  whereas  the  visual  angle  of  the  arrow  at  D  C  is  the  angle 
DEC,  where  it  will  be  observed  that  the  visual  angle  finned  by  an  ob* 
ject  becomes  less  and  less  as  the  olgect  recedes  from  the  eye ;  or,  what 
amounts  to  the  same  thing,  the  apparent  magnitude  of  an  olgect  is  in 
tiiptMtMai  to  its  visual  angle. 

14 
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«,  tba  txwreOv  vt  If  ^  will  luTe  tbe  aune  if^tnat 


mBgnitude  to  the  eye  at  a  m  the  distant  cran  d,  becanae  the  tikuI  ni- 
gles  y  a  rf*  and  bad  »x«  equal  to  each  other. 

In  OKler  to  undoEtand  the  way  in  which  the  eye  rec«j»EB  improscms 
of  otifccts,  let  ua  auppoee  that,  in  Fig.  40,  K  lepreMDls  a  aecdon  of  the 
human  eye,  P  the  papU  va.  front,  E  the  crytMZJtM  lent,  in  which  all  the 
ray*  are  n&acted  and  cnM  each  other,  i  ;  the  coocaTe  surface  of  tile 
back  of  the  eye,  called  the  retina,  on  wtuch  the  ima^  of  the  ctjeot  is 
pnjected ;  nuieuiei,  let  ua  nij^nie  that  the  eye  of  the  person  la  looking 
at  the  criME  A  B  C  D,  and  that  Q  H  O  N  representa  a  picture  frame  in 
which  a  pane  of  glaai  ia  inserted,  haTing  its  sirbce  ocated  with  gnm 
aivUcso  (hat  chalk  lines  may  bo  traced  upon  it,  giTtng  the  picture  cAif  a 
of  the  eras;  then  rays  of  light  will  jaticeed  from  every  part  ^  thccnaa 
C  B  to  the  eye,  or,  what  ia  the  same  thing,  &om  every  part  of  the  pic- 
ture e  6  to  the  eye,  and  will  form  the  invited  image  m  ^  of  the  ooaa 
upon  the  retina ;  thus  it  will  be  imdemtood  that  the  olgect  and  its  pic- 
ture would  fCwm,  the  lame  image  upon  the  tetiiut,  for  the  poiat  b  utXa- 


oeptt  the  view  cf  B,  e  that  dC.a  that  of  A,  and  so  «b.  Now,  if  we 
more  the  ooaa  B  C  to  F  O,  the  picture  /^  cm  the  glaaa,  as  wdl  as  dw 
image  k  q  wpoa  the  letina,  wonld  be  much  larger ;  thai  It  iq^MHS  that 
Ma  imagt  on  tf*  rafina  u  larftror  laaatfw  at  Ms  eliftcl  achcmett  to  «r 
racfdat  from  thtega^  At  yefttfsr. 
Wboi  an  object  it  bnnight  too  n«v  the  ayes  tfa«  «i^  el  ^HUtm.  wA 
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tbeunageof  the  okgect  beoGme  bo  ealmged  that  the  unafeis  thiowa 
beyond  the  zetina,  which  occasions  us  to  see  the  object  indistmctly. 
PexBons  of  ordinary  vision  cannot  see  objects  distinctly  when  they  are 
within  the  distance  of  dx  or  eight  inches  from  the  eye. 

TH£  MICROSCOPE. 

28.  The  microscope  magDifies  the  images  of  minute  ob- 
jects, and  enables  us  to  see  them  with  greater  distinctness. 
This  is  effected  by  enlarging  the  visual  angle  ;  for,  as  we  have 
shown,  every  object  appears  larger  according  as  we  increase 
this  angle.  ^ 

7%e  Single  Mcroecope. 

29.  The  angle  mieroeoope  con- 
BiMa  of  a  single  oanvex  lens  m, 
with  a  very  short  fixial  distance. 
An  eye  at  a  (see  Fig.  47)  would 
see  the  airow  b  e  under  the  Tisnal 
angle  bac;  but  when  the  lens  m 
is  interposed,  it  is  seen  under  the 
Tisnal  angle  B  a  C,  and  hence  it  f^.  47. 
appears  much  enlarged,  as  shown 

in  the  image  B  C.  The  principles  of  refraction  upon  which  this  depends 
have  already  been  explained. 

In  order  to  see  the  image  distinctly,  it  is  of  course  requisite  that  the 
object  should  be  placed  in  the  focus  of  the  lens. 

ConcaTe  mirrors  may  be  also  used  as  microscopes.    (See  Fig.  19.) 

77ie  Compound  Microscope. 

30.  The  compound  microscope  consists  of  two  or  more  conreoL  lenses, 
or  of  a  combination  of  lenses  and  concave  miirorB. 

Hg.  4S  represents  a  compound  microscope  consisting  of  two  conyex 
lenses  B  and  C.  The  first  lens  B  is  called  the  oif^ject  ffkua,  and  the  sec- 
ond C  l^eeye sfkus.  ab  Is  the  object;  a^  b^  the  inverted  magnified 
image  formed  by  the  lens  B  ;  A  the  cy^)f  the  observer ;  a*  6'  the  image 
magnified  again  by  the  lens  C,  and  seen  under  the  enlarged  visual  angle 
f  '  A  6*.  Now,  if  we  suppose  the  lens  B  to  have  a  magnifying  power  of 
26,  —  that  is,  if  the  image  a'  5>  equals  25  times  o  &,  and  the  lens  C  to 
have  a  magnifying  power  of  4,  —  then  the  total  magnifying  power  of 
the  microscope  will  be  4  times  26,  or  100  —  that  is  to  Bay»  th«  imaga  d 


ItiO      nathsal  axo  sxfuuihehtal  PUtLOsornr. 
dwoigertwia  mgmi  100  tuaei  the  d>s  <<  dw  ol^iect,  mud  the  Tina) 


n«lea*Afr>wm  bclOOtiinEB  the  vkaal  an glc  which  theotgcct  ili^ 
nould  fcrm  with  the  eye  at  A. 

The  micTDacope  enablci  us  to  see  the  structure  of  varioua  minQte  ob- 
ject*. ITie  diawingi  ihown  io  Eg.  40  npresoit  the  Bi^)eaiBnce  of  eame 
mimite  otgecta  when  seen  through  a  toIersWy  good  microecope.  A  rtp- 
resenta  the  wing  of  aamall  inau^  culled  menelauM ;  B  ondC  the  hair  if 
thebM;  «Dd  D  and  £  tlw  hair V  themoaae. 


on  are  placecl  bejrmd  the  olgeobi  to  throw  ■  gnttr 
of  light  upim  them. 


TOE  TELESCOPE. 

SI.  Telescopes  are  used  to  rangnify  the  tmsgea  of  distant 
objects ;  and  this  is  done  in  Ae  some  manner  as  in  the  micro- 
scope, viz.,  bj  enlarging  the  vitttal  angle  at  which  they  are  ^ 
seen. 

There  are  two  kinds  of  telescopes  used  —  ra&acting  tele- 
scopes and  reflecting  telescopes. 


I.IO&T  Aim  BEAT. 


Befiaeting  Tekicopts. 


33.  The  Mfronomiai/  t*lMoefe  is  lepraented  in  Tig.  £0.  It  contiMa 
of  two  cooTex  laiMB,  C  and  B,  □(  uneqtul  fdie  huI  focal  length.  Ths 
■j«  glan  B  hu  a  much  greater  magnifying  pawa  than  the  ot^ect  glaa 
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C  which  a  Jmt  ^  rercne'of  what  I>  ohao^ed  in 
the  conatrnctiaD  of  the  eompound  micmcope  i«p- 
naented  in  Fig.  48;  the  distance  of  tlie  leniw 
hom  each  other  ia  uaually  equal  to  the  turn  of 
their  focal  length* ;  the  eye  glasa  B  is  fixed  in  a 
■Lding  tube  fbr  the  purpose  of  wyuiting  the  focal 
distance  between  the  two  lenni  to  luit  the  vary- 
ing diManca  of  objecO.  o  A  ia  the  diMaut  object ; 
a'  b'  ita  image  ibimed  bj  the  loia  C;  B  tha  eye 
glaaa  which  magnifla  thia  imaga,  ao  that  it  ia  teai 
bj  the  eye  A  magnified  at  o*  ft*. 

The  nipht  glut*  ia  aimilar  in  iti  conatmctioa  to 
the  MtronoDucal  tdescopc^ 

33.  The  lerratrial  Uleteope  is  rejnoaited  in 
Fig.  61 ;  it  loually  f™'«'«f«  of  four  convez  lenses, 
L,  O',  0*,  and  O* ;  it  may,  therefore,  be  regarded 
as  a  double  astronomical  telescope.  These  instru- 
ments show  ofaJBCta  in  thar  natural  positioo.  The 
•  lens  L  has  a  great  focal  length ;  0',  0*,  and  O' 
are  three  double  convex  eye  glasMs.  hsviiig  short 
equal  focal  distances  set  in  the  Fame  Eliding  tube, 
to  that  the  posterior  focus  of  one  lens  may  exactly 
coincide  with  the  anterior  locus  of  the  next. 

Tt^  aliding  tube  enables  the  obserrer  to  adjust 
for  the  focua  of  the  field  glas  L. 

31.  The  Gaiilaan  teletcopt  is  represented  in  Fig. 

S2  ;  it  consiits  of  a  Convex  object  glass  L  and  a 

plano-conTex  eye  glass  O.    The  inverted  image 

a'  V  which  would  ba  formed  but  tor  th«  lens  0, 

14" 
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which  by  its  refraction  causes  the  rays  to  diverge  from  one  another,  and 
thereby  forms  the  erect  image  a'  b*,  which,  of  course,  is  seen  by  the  eye 
at  an  enlarged  visual  angle.  This  instrument  is  now  chiefly  used  as  an 
opera  fflau. 

AchramcUic  Lenses. 

35.  The  instruments  just  described  have  two  great  defects :  (1.)  The 
defect  arising  from  spherical  aberration ;  (2.)  The  defect  arising  from  the 
colored  light  produced  by  the  prismatic  decomposition  of  the  light.  (See 
page  153.)  In  order  to  remedy  these  defects,  DoQand  invented  what  are 
called  achromatic  lenses. 

The  achromatic  lens  represented  in  Fig.  53  oon- 
asts  of  a  plano-concave  flint  glass  fitted  on  one 
iiEice  of  a  double  convex  crown  glass. 

light,  upon  passing  through  a  glass  lens,  is  dit- 
peraed  —  that  is^  the  light  is  separated  into  difler- 
ent  colored  rays.  Now,  crown  and  flint  glass  difier  considerably  in  their 
dispenive  powers,  and  at  the  same  time  differ  very  little  in  their  refrac- 
tive powers ;  hence  the  contrivance  of  the  achromatic  lens  simply  con- 
sists in  making  the  dispeiaive  power  of  the  one  glass  exactly  to  counter- 
act the  dispersive  power  of  the  other,  and  thereby  to  destroy  the  effect 
of  what  is  called  chromatic  aberration. 

Fig.  54  represents  the  achromatic  eye  piece  now  in  general  use  in  all 
good  achromatic  telescopes  for  land  ol^jects.    It  conaists  of  four  lenses. 


Fig.bZ. 


Fig.  54. 

A*  C^  B,  and  B.    A  is  very  nearly  a  plano-convex  lens ;  C  a  meniscos ; 
D  a  nearlf  plano-convex  lens ;  and  B  a  double  convex'lens.* 

*  For  the  radii  and  distances  of  these  lenses,  the  reader  may  conrolt 
Brewster's  Optics. 
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Crai^i  Aehromalie  VUeteope. 

3S.  TUl  u  tlie  itxgat  instnunent  of  the  kind  that  wis  era  executed. 
The  Khiomatic  ohjeirt  glan  i«  21  inches  in  tlumeter/ and  hu  a  focal  di>- 
tance  of  76  feet.  The  manna-  of  fitting  up  thii  magnificent  instrament 
i*  ihown  in  Kg.  66,    Tha  teleMOpe  ia  nu^mded  on  the  aide  of  a  ittong 


Fig- SB. 

fanrer,  64  feet  high  and  75  feet  in  diameter.  The  length  of  the  main 
portiom  of  the  tube  is  76  feet ;  and,  with  the  cje  pece  at  the  Emaller 
end  and  the  den  cap  at  the  greater  end,  the  total  length  of  the  teleso^ 
is  8S  ftet  The  lower  eittemity  of  the  tube  rests  npon  a  woodoi  ftnme 
standing  en  mheela,  irhicb  run  on  a  circular  railway  gmng  round  the 
tower  at  the  distance  of  about  15  feet  from  it,  so  that  the  instrumenl 
adndls  of  being  leadilf  directed  to  ttay  portion  of  the  besTcu. 
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BSPLEf^TINO  TELESCOPBS. 


37.  The  Qregcrian  teleacope,  represented  in  Fig.  66, 
ocmcave  minors  or  specuU  *  anj  S  S,  -with  their  ooocave 


of  two 


^.66. 


each  other,  and  ft  doable  ooatk  eye  ghai  a^  tiie  whole  being  fitted  m  a 
metallic  tube,  a  ftk  the  diBtant  o^ect;  •*  ^  its  inverted  image, farmed 
by  the  large  ooncayo  auRor  or  apecnlum  S  S ;  this  image  is  again  re- 
flected by  the  small  minor  #,  and  thna  fcnna  the  enct  image  a*  6*,  which 
is  magnified  by  tho  lens  o  into  the  haagd  t?  ft^»  wben  observed  by  an 
eye  at  A. 

38.  The  N^witmUm  ftimeop$9  iqgesentpd  in  Kg.  67|  conasts  of  a 
large  concave  minor  S  and  a  mail  plane  aimr  p  jlaced  obUqudy  to 


Fiff.67. 

the  direction  of  the  axis  of  the  tdb^  (at  an  angle  of  46®,)  and  a  magni- 
lying  lens  o  placed  in  the  side  of  the  tube. 
39.  HsnekeTa  Ulewope,  represented  in  Fig.  68,  has  only  one  oonuave 


J^.  58. 
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minor  S;  this  minor  is  iocU&ed  to  the  axis  of  the  tohe  in  such  a  man- 
ner as  to  throw  the  inverted  image  of  V  down  to  the  fixms  of  the  eye 
gUmoo. 

The  qpeculun  of  Herachd's  laigest  telescope  was  4  feet  in  diameter, 
with  a  fi)cal  distance  of  40  feet.  A  much  larger  one  has  recently  heen 
coDStnicted  by  Lobd  Bosse,  in  Ireland.  The  specolnm  is  6  fieet  in 
diameCor,  with  a  focal  distance  of  64  feet.  The  diameter  of  the  tube  is 
7  feet,  its  kngth  is  66  feet.    The  whole  weig^  is  o?er  14  tons. 


THE   CAMERA   OBSCUBA. 

40.  The  CauMfa  Oftaeuivi,  or  dairk  chamher^  in  its  most  simple  form,  is 
nothing  more  than  a  dark  room  with  a  hole  in  the  window  shutter,  in 
which  is  placed  a  ooavex  lens  of  about  two  feet  focal  length.  A  sheet 
of  white  paper  is  placed  yertically  behind  the  lens,  at  its  focus,  and  then 
an  accurate  picture  of  all  the  otjects  seen  from  the  window  will  be  de< 
picted  upon  the  surfece  of  the  paper,  which  delights  and  suipiiaes  every 
person  that  beholds  it.  In  order  to  obtain  a  perfect  picture,  the  ground 
on  which  it  is  lecdyed  should  be  hollow, 
and  a  portion  of  the  sphere  whose  radius  is 
the  focal  distance  of  the  lens ;  it  is  custom- 
ary, the^ore,  to  make  this  ground  of  plas- 
ter of  pans. 

In  order  to  enable  a  person  to  cqiy  this 
lecture,  it  should  be  received  upon  a  hori- 
aontal  sheet  of  paper.  This  is  readily  ef- 
fected by  means  of  a  plane  mirror  C  B, 
(see  Fig.  69,)  placed  at  an  angle  of  46^,  to 
reflect  the  rays  down  upon  the  lens  A  B, 
which  throws  down  the  picture  upon  the 
hooriaontal  taUe  £  F  placed  in  the  focus  of 
the  lens.  The  draughtsman  introduces  his 
head  through  an  opening  made  in  one  side 

of  the  frame,  and  his  hand,  holding  the  pencil,  through  another  opening, 
eare  being  taken  that  no  light  is  allowed  to  fell  upon  the  picture.  The 
apglfeataon  of  the  camera  obscura  to  photography  has  rendered  it  one  of 
our  most  useful  optical  instruments* 


Fig.  69, 


MAGIC   LANTERN. 

41.  The  magic  lantern  is  an  obvious  application  of  a  microscope.  L 
(Fig.  60)  is  a  powerful  lamp  in  the  focus  of  a  concave  mirror  M  N, 
placed  in  a  dark  lantern ;  A  B  is  a  fixed  tube  containing  a  hemispherical 
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niwmnating  teni  A,  and  a  goiTss  lent  B;  C  D 10  an  openiB^ 
thakDMB  AodB,  txrieoeiTiiigthe  didoB  on  which  the  pfetnceB 


Fiff,  60. 

painted  -mth  highly  colored  transparent  varnish.  The  light  of  the  lamp 
is  reflected  by  the  mirror  M  N  upon  the  lena  A,  which  further  concen- 
trates the  light  upon  the  picture  on  the  slider ;  and  this  picture  is 
thrown,  very  much  enlarged,  upon  the  screen  £  F,  placed  in  the  focus 
of  the  lens.  The  lens  B  is  fixed  in  a  sliding  tube,  so  that  by  pulling  it 
out  or  pushing  it  in,  a  distinct  picture  of  the  object,  on  the  dider,  may 
be  formed,  of  any  size,  within  certain  limits,  upon  the  screen  £  F. 

The  uUar  microscope  is  merely  a  magic  lantern,  where  the  light  of  the 
6un  is  substituted  for  the  light  of  the  lamp. 

ITie  Stereoscope* 

42.  Whan  we  view  any  solid  object,  such  aa  a  statue^  wiih  botii  eyes* 
each  eye  sees  the  olject  differently,  and  two  dissimilar  pictures  of  the 
object  are  painted  on  the  retime.  But  each  two  corresponding  points  of 
the  two  pictures  are  depicted  at  the  same  plaoe  on  the  optic  nerve,  so 
that  the  eyes,  uniting  each  pair  of  points  in  succession,  give  the  brain, 
the  impression  of  a  solid.  Now,  by  inverting  this  process,  that  la,  by 
making  two  pctures  of  a  solid,  as  seen  by  each  eye,  and  uniting  them 
upon,  the  retinas  by.  squinting,  so  that  the  one  picture  may,  as  it  were,  be 
laid  upon  the  other,  the  combined  pictures  will  give  to  the  mind  the 
impression  of  a  solid,  seen  exactly  as  in  nature.  This  forms  the  princi- 
ple of  the  stereoscope. 

BrevDster^a  Stereoscope,  —  This  instrument  is  represented  in  Fig.  61. 
A  and  B  are  two  eye  tubes,  containing  each  a  semi-lens,  with  their 
curved  sides  turned  towards  each  other,  so  that  by  looking  through  their 
edges,  objects  in  their  focus  are  so  refracted  that  the  one  picture  can  be 
placed  above  the  other. 

If  we  now  place  the  annexed  drawings  of  a  six-aided  pyramid  A  and 
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nte  batten  of  the  box  b^iUdiiiB  than  in  at  C  D,  nd  loidi  into  the 
inonn^  «itl>  the  ligbt  eye  at  A  and  tlw  left  at  fi(ira  ihill  m6  * 


Hdid  pTiamid  with  ib  apci  H<«v  to  the  eye.    If  the  two  figurw  had 
bMn  united  by  squinting,  they  would  have  pnidiiced  a  hidlow  j^munid. 


J^.  63. 


H«ra  the  1(A  liand  draning  it  the  yicw  which  the  pjtnmid  would 
pwent  to  the  left  eye,  end  the  tight  band  drawing  the  view  which  the 
pymnid  would  presoit  to  the  tight  eye.  Any  idid  otgect  may  be 
treated  in  the  aamc  nuuiner. 

PHENOMENA  OF  COLOR. 

43,   A  TB.y  of  Holar  light  is  formed  by  the  union  of  seven 

different  colored  rays.     This  may  be  proved  analyticaUy  as 

well  as  syathsticAlly  ^—  anoly tioiJly  by  tnusmittiiig  a  nj  of 
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white  light  through  a  glass  prism,  when  It  becomes  resolved 
into  seven  different  colored  pencils  of  light,  which  have  been 
called  the  prismatic  colors;  and  synthetically,  by  showing 
that  white  or  colorless  light  is  produced  by  the  union  of  the 
different  colored  pencils  of  light 

Some  transparent  bodies  only  transmit  certain  colored  portions  of 
light,  as,  lor  example,  common  bottle  glass  only  transmits  the  green  rays 
cf  tight ;  blue  glass  only  transmits  the  blue  rays ;  and  so  on* 

Nature  presents  us  vfith  a  magnificent  analysis  of  ular  light  in  the 
rainbow,  where  the  seven  prismatic  colors  xpay  be  distinctly  seen. 

The  surfoccs  of  bodies  decompose  light  by  reflection.  The  surface  of 
a  rose  leaf  reflects  the  red  light,  and  absorbs  all  the  other  colored  rays ; 
the  suxfaee  of  gold  reflects  the  yellow  light,  and  absorfas  aM  the  other 
ookved  rays ;  and  so  on.  Thus  the  many-oobred  tints  which  we  see  in 
the  objects  around  us  are  familiar  examples  of  the  analysis  of  light. 

THE   SOLAR  SPECTRUM- 

44.  Newton  first  decomposed  solar  light  by  means  of  a 
solid  piece  of  glass  bounded  by  three  plane  surfaces,  and 
commonly  called  the  prism.  The  success  of  this  experiment 
depended  upon  the  fact,  that  the  primary  or  simple  rays,  of 
wl^ch  pure  white  light  is  composed,  possess  different  degrees 
of  refrangibility.  He  conducted  the  experiment  in  the  fol- 
lowing manner :  — 

A  smibeam  S  H  is  admitted  into  a  dark  room  through  a  hole  H  made 
in  a  window  shutter  £  F ;  a  prism  A  B  C  is  intesposed  so  that  the  ray 
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didl  {MM  otdiqiul]' Unough  two  fiioa,  «nd  be  lefiaoted  b;  Inth.  Tha 
nfracted  ray  ii  received  upon  a  ehcct  of  whiu  pa{>v  H  N,  and,  iiiit«ed 
of  a  spot  of  white  light,  theie  U  fonoed  npon  the  papa  ui  oblong  od- 
ored  Burfaoe  E  L,  composed  of  the  aeren  prinuiy  tinta,  called  the  prii- 
wtatic  at  talar  tptetmm,  na  ihown  in  Hg.  U. 

Then  diflb«at  colorad  isjg  do  not  admit  of  any  fartha'  analysbi :  but 
on  cauang  them  all  to  be  united,  the  leren  colva  diaai^KU',  and  white 
light  ti  agtun  temed.  White  light,  therdbie,  ia  a  mixture  of  mtcq  pri- 
mary xwft  of  different  colors,  —  red,  orange,  ytHoic,  gnm,  bbit,  indigo, 
■nd  noM.  The  aqaration  of  these  [xinuiy  or  aimple  rays  &om  one 
another,  depends  upon  a  difference  in  thdi  nfrangitulity  In  poanng 
dnongh  the  piism ;  thut  tbe  violet  ray  ia  most  refracted,  and  the  red 
tay  is  the  leaat  itfracted. 

45.  Hie  difereat  porlitxis  of  the  kAmt  jpectmm  haT« 
three  distinct  properties,  in  relation  to  Ught,  heat,  and  chemi- 
cal action,  lie  most  laminons  portion  is  at  tb«  middle  of 
the  yellow  light,  tbe  most  heating  at  and  bejrond  the  red,  and 
the  greatest  chemical  intensity  is  fonad  to  be  between  tbe 
violet  and  indigo. 

Fig.  66  eshiluta  thcee  lelUiTe  Intentntiet  by  time  cuired  lino^  one 
ehowing  the  earre  of  luminona  MmttUf,  anoths  tbe  beating  o*  Ihctmal 


intcDaitT,  and  die  third  the  ohonic^  mteniity,  or  tlie  power  which  Tig^it 

h—  in  rtbt^nf  j.jijjnii.fl  ^.tiBngciL 

46.  Brewster  considers  that  whita  solar  light  is  composed 
of  only  three  primary  rays,  yiz~,  red,  yellow,  and  bine  j  for 
tbe  adnuxture  of  these  three  cobred  rays  will  produce  white 
light,  as  shown  in  Fig.  66.  These  are  called  the  three  fiin^ 
daraental  colors. 

Each  of  tiie  seven  prismatic  rays  has  wan  other  oolond 
15 
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ny,  called  its  cotnpkmentary  r»y,  wUli  which  if  it  be  com- 
bined, white  light  will  be  produced. 

Fig.  6S  sbowt  the  three  fundomoital  cokn,  red,  yellow,  and  blue, 
avah.pptis  each  other.     V/lxre  all  thi«e  overlap  one  anotho',  while 
ia  [soduced ;  where  the  yellow  and  blue 
omlap,  gl«en  ia  produixd,  and,  therefore, 
gicen  and  led  will  produce  white  light, 
M  that  grem  and  red  arc  complementaiy; 
and  so  on  to  other  cases  which  may  be 
readily  cited    from   the   representation 
given  in  the  figure.    Orange,  violet,  and 
green,  according  to  Biewxta-,  are  called   | 
■eoondary  colors:  while  t«d,  yellow,  and 
Uue,  ai«  the  only  primary  cokn;  and 
the  indigo  of  Newton's  spectrum  is  nip- 
pOEed  to  lie  between  the  shades  of  the  Fiff.  G6. 

violet  and  the  blue. 

TOE  BAINBOW. 

47.  Thebrilliantcolors  of  dew  drops,  produced  bjthe  refrac- 
tion of  the  auDbeoms,  fonii  a  subject  of  interest  to  every  per- 
son. The  beautiful  arch  of  the  rainbow,  depending  upon  the 
Bame  cause,  is  not  le^s  a  matter  of  interest  to  even  the  mosl 
uneducated  observer.  The  formation  of  the  rainbow  may  be 
readily  explained  on  the  principle  of  prismatic  refraction  and 
dispersion. 

The  drops  of  min  decompose  the  siin'a  light  in  the  same  manner  m 
tbe  prism  of  glass.    Let  U  represent  a  drop  of  lain,  (*ee  Fig.  67  :)  a  b, 
a  ray  of  light  falling  upon  the  drop,  is  refracted  in  the 
direction  A  c ;  it  is  then  reflected  in  tha  direction  c  d, 
and  upon  passing  out  of  the  drop  at  d  it  undci^ocs  the 
prismatic  dispcnion ;  the  red  ray,  bdng  the  least  le- 
fracted,  takes  tho  lowest  direction  d  r,  and.  the  viiidet 
ray,  being  ibe  most  re&acted,  takes  the  highmt  direc-   , 
tlandii;  hence  arise  the  priamatic  cokn.    Now,  in     r'     ,'tf 
Fig.  68,  let  D  represent  the  soma  drop,  and  D'  another         Fig.  67. 
drop  a  little  bdow  the  first ;  then  the  same  prismatic 
colors  will  be  produced  by  this  second  drop,  and  at  some  point  o  the 
red  ray  of  the  flrW  drop  will  meet  the  violet  ray  of  the  second  drop; 
and  a  spectator,  with  his  cjc  at  o,  will  see  the  red  isy  fiom  the  first 
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drop  and  tbc  violet  ray  rram  the  second  drop,  nnd  from  1iie  drops  lying 
between  these  two  extnanes  he  will  see  tlie  intermediate  piianotic  colon, 


Fig.ea. 

•nd  dtentbR  between  d  and  if  he  will  aec  a  complete  Fpectnim.  Now, 
let  1  «  be  a  ttnight  line  paadng  through  the  centre  of  the  aun  and  tlie 
ejt  of  the  obaerTer  ot  a,  which  will  of  coune  be  parallel  to  the  layi  inci- 
dent upon  the  drops.  Concdve  the  angUa  don  and  if  o  v  to  be  turned 
about  o  H  a»  an  axis :  then  the  drops  X)  and  D'  will  revolve  in  a  dicle, 
and  within  this  ciide  all  the  prismatic  colon  will  obviously  be  arranged 
in  the  same  ordo'  as  that  wMch  we  have  just  described ;  hence  the  pris- 
matic colora  will  appear  to  airangs  themselves  in  this  arch,  which  is 
called  the  primary  rainbow. 

The  secondary  roinbow  is  a  laintCT .  arch,   fre-  '■•^^jv:::^^ 

qucntly  lying  exterior  to  thaprimary  one.  The  fop.  ""-v-^^Vn 
tnation  of  ttus  secondary  arch  may  be  explidned  "^^^\/\]/ 
tsuctly  in  the  same  manner,  with  this  exception,  //  /^^^ 
that  the  rc&aeted  light  trndei^oes  two  reflections  Fig.  09. 

within  the  drop  in  the  place  of  onct  as  shown  in  Figs. 
SB  and  69. 


UNUSUAL  REFRACTION  OF  LIGHT,  AND  ATMOSPHERIC 
PHENOMENA  DEPENDING  UPON  IT. 

REfBACTlON    OP  A  FLUID    OP   TAHTDJG  DEMSITt. 

4A.  Into  a  square  vial  (Fig.  TO)  pour  gome  clear  sirup,  and  above  pour 
some  clear  water,  which  will  gradually  mix  with  the  rirup ;  hold  a  card, 
with  the  word  tirvp  written  on  it,  in  an  erect  podtion,  behind  the  vial; 
then  the  writing  will  appear,  in  ita  erect  podtion,  whoi  seen  thnin^  the 
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Fig.  70. 


Fiff.n. 


pure  tirnp,  bat  it  will  ivpear  minted  wbea  mm  thnragh  Ab  nuctnn 
«f  mnip  and  mta.  A  BmilaT  phenotntnon  will  be  pR>ilnG«d  b^  paoring 
■piriti  of  wine  upon  the  wata,  M  thown  in  titB  figure. 

Thtc  smple  expoimait  will  enable  ui  to  Mcount  &r  lome  cnrurn* 
caMi  of  unusual  atino^berio  lefraction,  or  mirx^. 

Sometimes  two  diitiiict  images  of  a  ibip,  wbote  topouBt  A  only  ia  Men 
sboTO  tht  horiion,  will  in  certain  states  of  the  atmoaplKn  appear  in  tbe 
aiz  at  rejnsoited  in  Fig.  71.  where  one  image  Cia  erect,  and  the  othei 
B  ia  inveited. 

In  ardcT  to  account  fbr  time  appeanuoest  let  8  P  (Fig.  73)  reteeKnt 


llie  otject )  S  tha  eye  of  the  ofaaerTer ;  p  and  p'  the  Images  seen  in  the 
air.  Now,  the  coldiicM  of  tho  sea  may  caiue  the  air  at  the  level  a  to  be 
\trj  much  denser  tlian  the  air  at  the  level  c  ec  J;  in  thw  eue,  the  it- 
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frtctJTC  power  at  c  or  d  will  be  much  less  than  at  a ;  the  nuiEequencc  of 
this  is,  that  rays  S  rf  P  e  wliich,  under  a  unifoim  state  of  density  of  the 
■ir,  never  would  reach  the  eye  at  ii,  will  be  bent  into  the  curve  lines 
S  (f  £,  P  c  E,  in  pafsing  from  the  rare  to  the  dense  medium  ;  and  if  the 
diileraMe  of  density  is  such  that  the  higher  rays  S  d  cross  the  lower  layi 
P  e  at  any  point  x,  then  the  higher  rays  will  be  seen  in  the  direction  E  t, 
(where  E  >  forms  a  tangent  to  the  curve  S  d  j;  E  at  the  point  E,)  and  tha 
lower  lays  in  the  direction  E  p  ;  and  thus  the  image  of  the  ship  will  be 
ieen  imierted  in  the  air.  In  like  manner  the  rays  S  n,  I*  ra,  may  be  re- 
fracted to  meet  the  eye  E  without  croesing  each  other ;  thini  the  higher 
rays  8  n  B  will  be  seen  in  the  direction  E  i',  and  the  lower  lays  P  m  E 
vUl  be  teea  in  the  direction  Ep',  and  thus  the  image  of  the  ship,  in  this 
easc^  will  be  seen  in  its  erect  pomtioa  p'  i*.  The  state  of  the  air  may  be 
nu^  as  to  exhibit  only  one  of  these  images. 

49.  The  subject  of  Aalos  may  be  ranked  amongst  the  opti- 
cal phenomena  of  the  atmosphere.  The  name  halo  m  given 
to  all  thoje  luminous  appearances  which  are  seen  surrounding 
the  sun  or  the  moon. 

One  of  the  moat  common  phenomena  of  this  kind  is  the  dire^jence 
<tf  the  solar  beams,  rcpiesented  in  Fig.  73. 


Fig.  73. 

This  phenomenon  frequently  occun  in  nunmo',  whoi  the  nm  Is  nen 
the  horiion.     It  is  caused  by  certain  portions  of  the  sun's  beams  radiat- 
ing  through  the  openings  of  the  surrounding  clouds,  while  other  portions 
«f  bif  beams  are  obctructed  by  the  deiwer  potts  of  the  clouds. 
15- 
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DOUBLE  REFRACTION. 

50.  Some  crystals  possess  the  curious  property  of  double 
refraction  —  that  is,  of  making  one  object  appear  douU^ 

The  mo6t  oommoii  crystal  of  this  kind  is  Iceland  spar,  which  usually 
has  the  shape  of  a  solid  rhomby  or  six-sided  parallelppiped  A  B  D  C  X, 
represented  in  Fig.  74. 

Place  a  rhomb  of  Iceland  q>ar 
over  a  black  line  M  N  drawn  upon 
a  sheet  of  paper;  look  at  this  line 
through  the  upper  surface  of  the 
crystal  with  the  eye  at  R:  then 
the  line  M  N  will  probably  appear 
double ;  if  it  does  not  at  the  first 
trial,  turn  the  crystal  round  until 
you  distinctly  see  two  black  lines 
in  the  place  of  one.  ■'"^  p^^  7^^ 

Place  a  black  spot  at  O,  or  prick 
a  pin  hole  in  the  paper ;  the  spot  wiU  appear  double, aa  at  O  and  £;  turn 
the  crystal  round,  and  the  two  images  will  be  seen  apart  from  each  other : 
the  one  E  will  appear  to  rerohre  round  the  other  O.  The  ray  O  r  is 
called  the  ordinary  ray  of  refraction,  and  £  r  the  extraordinarjf  one. 

The  ray  of  light,  after  sqwration  into  two  distinct  pencils  in  this  man- 
ner, 13  said  to  be  polariud.  These  palariaed  rays  poosess  certain  peculiar 
properties,  which  distingniih  them  from  the  ordinary  rays  of  light. 

POLARIZED  UGHT. 

51.  Light  is  polarized  by  reflectioiL 

Let  A B  C  D  and  mbed  he  two  glaM  rcfleetoa  having  their  backs 
coated  with  black  yamish ;  place  them,  as  represented  in  the  figure,  so 
that  the  rays  of  light  R  Q  proceeding  from  the  candle  R  may  be  reflected 
from  the  mirror  A  B  C  D  in  the  line  Q  P,  and  that  these  x«flected  rays 
may  undergo  a  second  reflection  from  the  other  mirror  a  b  ed  ia  the  line 
P  £.  Now,  if  the  two  mirrars  were  both  placed  vertically,  the  reflection 
of  the  light  of  the  candle  from  the  second  minor  would  suffer  very  little 
or  no  diminution ;  but  when  the  plane  of  the  second  minor  is  placed  at 
right  angles  (or  nearly  at  right  angles)  to  the  plane  of  the  first  mirrori 
the  image  of  the  candle  reflected  from  the  second  mirror  is  so  dim  thai 
it  can  scarcely  be  distinguished ;  and  if  the  reflectiona  are  made  at  the 
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Fig.  75. 

proper  angles,  the  ray  Q  P  inll  not  be  at  all  reflected  from  the  minor 
abed.  The  reflected  ray  QP  is  said  to  be  jwAzriMtl  by  refiectioD.  The 
polarizing  angle  of  glass  is  about  56^,  that  of  water  is  about  62^,  and  so 
on  to  other  reflecting  sur£q|||^ 

Having  placed  the  mir^^  B  C  D  so  that  the  ray  Q  P  shall  be  re- 
flected at  the  angle  of  56^,  elevate  or  depress  the  angle  of  the  second 
mirror  abed  until  you  have  hit  upon  that  position  where  the  image  of 
the  candle  just  vanishes ;  then  you  -will  find  this  angle  to  be  about  56^, 
the  polarizing  angle  of  glass  at  which  the  polarized  ray  will  not  undergo 
a  second  reflection.  Blow  upon  the  glass ;  the  light  will  appear  again. 
Why  ?  Because  the  polarizing  angle  of  water  is  different  frtxn  that  of 
glass;  the  mdsture  on  the  glass  soon  disappears  by  evaporation,  and  then 
the  image  of  the  candle  again  vanishes. 

62.  Fig.  76  represents  an  instrument  constructed  on  the  principle  just 
explained.    C  D  and  D  G  are  brass  tubes,  the  one  capable  of  sliding 


^.76. 


and  turning  within  the  other ;  A  and  B  are  the  gbna  mifran  fixed  to 
the  two  tabes  at  the  polarizing  an^ea ;  E  r  an  inddeot  ray  of  oommoa 
light ;  r  a  the  line  of  its  reflection  fiom  the  minor  A  through  the  tube; 
<  E  the  line  of  reflection  from  the  minor  B ;  then,  when  the  tube  D  Q 
is  tumed  round  so  that  the  plane  of  the  minor  B  la  at  right  aa^ea  to 


176        NATUHAX  AND  SXPEBIMENTAL  PHILOSOPHY. 


Fig.  77. 


the  plane  of  the  miirar  A,  the  xay  r  a  toi0  noi  aujfer  r^/leetum  firam  B. 
When  the  tube  D  G  is  tamed  xound  so  as  to  faring  the  plane  of  the  mir- 
ror B  parallel  to  that  of  A,  then  the  reflected  ray  s  £  -will  appear  of  its 
proper  or  usual  degree  of  farightneBs. 

JSi^.  1.  Let  the  incident  rays  R  Q  (Fig.  76)  prooeed  from  the  light 
of  the  window;  place  a  thin  plate  of  mica  between  the  two  mirrors  so 
as  to  intercept  the  polarized  rays  Q  P ;  look  in  the  direction  £  P,  and 
you  will  perceiYe  the  dark  reflector  lighted  up  with  the  most  splendid 
colore,  more  especially  if  the  plate  of  mica  varies  in  its  thickness.  Turn 
the  mica  round,  and  the  colors  will  pass  through  all  the  changes  of  the 
prismatic  light.  A  similar  efibct  will  be  produced  by  turning  the  re- 
flector abed  round  upon  Q  P  as  an  axis. 

£xp,  2.  In  like  manner,  place  a  piece  of  glass,  to  which 
a  crystalline  structure  has  been  given  by  rapidly  oooUng  it, 
between  the  reflectors :  then  the  glass  will  Jttttent  a  bril- 
liant and  symmetrical  flgure  having  the  apPSirance  rep- 
iQsented  in  Pig.  77.  Turn  the  mirror  abed  round  on 
Q  P  as  an  axis,  until  it  becomes  parallel  to  the  other  mir- 
ror A  B  C  D ;  then  the  colored  flgure  of  the  crystalline 
glass  will  assmne  another  perfect  form,  which  is  repre- 
sented in  Fig.  78,  the  colors  in  the  one  being  complement- 
ary to  those  in  the  other. 

These  crystalline  pieces  of  glass  may  be  got  at  any  phil- 
osophical instrument  maker's  shop ;  but,  without  incur- 
ring this  expense,  the  experiment  may  be  peribrmed  in  the  following 
manner:  — 

Bind  a  few  square  plates  of  window  glass  together,  and  place  them 
between  the  mirrors,  as  in  the  last  experiment,  on  a  hot  metal  plate ; 
look  in  the  reflector  abed;  a  curious  progressive  change  will  be  seen 
to  take  place  in  the  glass  plates,  when  at  length  the  symmetrical  flgure 
shown  in  Fig.  77  will  be  formed. 

53.  Light  is  polarized  by  a  series  of  ordinary  refractions. 

When  a  ray  of  light  R  r  (Fig.  79) 
undergoes  refraction  through  a  seiies 
of  glass  pbtes  1,  2,  3,  .  .  .,  the  re- 
fracted ray  fg  becomes  polarized,  and 
possesses  all  the  properties  which  have 
been  described  in  relation  to  the  polar- 
ized light  of  reflection.  The  incident 
angle  of  perfect  polarization  depends 
upon  the  number  of  the  plates ;  thus,  Fig.  79. 


lig.  78. 


^  • 


ua«K^  <Mi9  s^T. 


li4 


vibea  there  axe  dgbt  playteii  ^e  inddoit  fizzle  w  ahont  7ft^ ;  and 
whea  there  aro  tweuty-foiff  pUitfis«  the  incwiGOt  mgle  ia  about  60^» 
and  80  on. 

Now,  smoe  a  bundle  of  glasa  plates  acta  upon  light  in  the  same  man- 
ner as  the  polaziiing  gaflectom  nsed  m  the  apparatus.  Figs.  75  and  76, 
we  auty  tobetitate  two  bundlea  of  glass  plates  in  the  plaee  of  the  two 
xeflBotorB,    Thust  let  A  and  B  be  the 

twQ  bundles  of  poUuiriug  plates;  Rr  ^  ^ 

the  incident  ray ;  then  <<  will  be  the 
polarized  ray,  which  will  pass  through 
the  bundle  B  when  it  is  placed  as  in  jy^,  sO. 

the  figiue^  and  no  light  will  be  re- 

fieoted ;  bat  when  it  is  toned  round,  the  light  v  10  transmitted  thioagh 
it  wiU  gradually  diminish,  and  move  and  more  light  will  be  xefleeted,  till 
it  has  turned  loond  an  angle  of  90^ :  then  there  will  be  no  light  trans- 
mitted —  it  will  be  entirely  reflected. 

In  conducting  many  experiments,  a  bundle  of  glass  plates  may  be 
advantageously  used  in  the  place  of  the  reflector  ab  cd  of  the  appara- 
tus lepECtented  in  Fig.  75, 

54.  Pohnzed  Light.  ">- AoooK^&ag  to  the  corpuscular  theory,  a  bean& 
of  common  light  has  two  polar  axes,  A  B  and  C  D,  Fig.  81,  so  that  all 


its  sides  have  the  same  properties ;  but  when  this  beam  is  polarized,  it  is 
separated  into  two  circular  beams,  A'  B'  and  C  D',  with  only  one 
polar  axis  each,  which  are  at  right  angles  to  each  other,  so  that  their 
sides  have  different  properties. 

bEeat. 


5d.  Tlie  86S8e  of  touch  is  affected  by  beat,  as  our  sense  of 
lieariog  is  by  soiind,  or  our  sense  of  sight  by  light.  Heat  is 
one  of  the  most  important  agents  connected  with  animal  and 
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vegetable  life ;  it  also  performs  a  distingnished  part  in  all  the 
changes  contmually  going  on  in  the  external  world. 

Free  or  sensible  hecU  tends  to  diffuse  itself  equally  among 
all  surrounding  bodies.  The  amount  of  sensible  heat  in  any 
body  is  called  its  teny^erature.  That  heat  which  exists  in  a 
body,  and  which  is  not  sensible  to  the  touch,  but  which  is,  at 
the  same  time,  essential  to  the  peculiar  form  in  which  the 
body  exists,  is  called  latent  heat. 

The  word  calorie  is  used  to  express  the  substance  of  heat| 
in  order  to  distingubh  it  from  the  sensation  of  heat  We 
experience  the  sensation  of  heat  when  there  is  an  increase  of 
temperature,  and  that  of  cold  when  there  is  a  decrease  of 
temperature.  The  sensation  of  cold  is  excited  when  a  portion 
of  our  caloric  is  taken  from  us,  and  that  of  heat  when  a  por- 
tion of  caloric  is  transmitted  to  us. 

Caloric,  or  the  matter  of  heat,  is  subject  to  the  same  laws 
of  radiation,  reflection,  and  refraction  as^light  Heat  pro- 
duces many  chemical  changes ;  it  also  tends  to  destroy  the 
cohesion  of  tbe  particles  composing  a  body,  and  thus  produces 
a  change  in  the  fonn  of  bodies ;  thus,  at  a  certain  low  tem- 
perature liquid  water  becomes  solid  ice,  and  at  a  certain  high 
temperature  it  boils  and  passes  into  the  state  of  vapor  or 
steam.  One  of  the  most  striking  effects  of  heat  is,  that  it 
causes  all  bodies  to  expand  —  that  is,  to  increase  in  volume 
or  bulk. 

# 

EAST  COURSE   OF  EXPERIMENTS,  WITB  SIMPLE  FRINCIPLE8 

DERIVED  FROM  THEM. 

56.  Heat  expanas  liquids,  air,  and  solids. 

Exp,  1.  JBM^ea^NMMbfi^iiMir.  — Take  a  oomiiiaii  vial  botde;  make 
a  mark  with  ixik  upon  its  neck;  fill  it  with  cold  water  up  to  this  mark ; 
plunge  the  Tial  into  a  baan  of  hot  water :  after  a  little  time  the  water 
in  the  ^rial  will  rue  considerably  above  the  mark,  thereby  ahowing  that 
the  heat  has  cauaed  the  water  in  the  rial  to  expand.  The  higher  the 
temperature  of  the  water  in  the  basin  the  greater  will  be  the  expansion 
of  tiie  water  in  the  yiaL 
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Thii  expcsimeat  ihinn  the  principle  nptn  which  the  tbennanetcz  m 
ocndzucted.  This  weU-known  ioatrument  eiuhlea  iu  to  tell  the  tem- 
peratiue  of  any  body. 

This  ^painuot  may  be  pa-fanned  in  a  more  nrik- 
log  manner  u  fbUovt :  Fit  a  bdbII  glon  tube  to  th« 
cat  of  a  bottle,  u  ihown  in  Fig.  82 ;  &U  the  bottle 
conpletelj  with  cold  water,  and  fiimly  imert  theccA 
with  its  tube;  plunge  the  bottle  into  hot  water,  and 
the  liquid  will  n^dly  riie  in  the  tmoll  tube. 

Bip.2.  Bntl  txpiBuk  air.  —  Inren  a  glan  A  om 
wsta,  allowing  a  little  yater  to  enter  the  ^an,  aa 
itiLi^i  in  Fig.  8S:  poor  hot  water  tmr  the  glan, 
which  win  eauae  the  «a  within  the  glaM  to  ezpandf 
and  to  occupy  a  larger  apaoe. 

Exp,  3.   Invert  a  nntjl  battle  in  cold  water,  and 
introduce  just  ao  much  water  ■■  will  cause  it  to  link        Fig.  82. 
to  the  bottom ;  now  pour  hot  wat«T  into  the  Ttswl,  k> 
aa  to  rai^e  the  tempentureof  the  airnithiQ  the  bottle; 
the  bottle  will  hk  to  the  nirfkce. 

The  Tariation  of  heat  in  the  atnunphete  ia  the  cmae 
of  emrenta  of  ak  and  winds.  Tlua  has  been  explained 
in  FneuraatiGe. 

£^  i,  Paform  experiments  1  and  2,  gjrcn  at 
page  107. 

EijL  S.  Btof  txpaad*  toKdt. — Talce  a  decanter  j^'  gj 
bottle^  baring  a  ground  stopper ;  plunge  the  neck  of 
the  decaota  into  hot  water,  and  there  let  it  remain  lot  a  abort  time ; 
after  taking  it  out,  insert  the  (topper  gently,  so  that  it  may  be  eanly 
taken  out ;  allow  the  neck  of  the  decanter  to  cool,  then  try  to  nuse  the 
fUippei  i  it  will  have  become  so  &st,  from  the  ccmtivctian  of  the  glaa, 
that  it  retjuira  some  face  to  pull  it  out.  Hfre  the  heat  causes  the 
ikGck  of  tlu  decantCT  to  expand ;  then,  when  the  atopper  ia  pat  into  its 
plao^  the  neck  of  the  decanter,  as  it  cools,  contraoU  upoa  the  stopper, 
and  cause*  it  to  become  fast. 

If  you  should  happen  to  best  the  tteck  of  the  decanttr  ao  much  that 
you  cannot  pull  the  stopper  out,  (a  thing  not  at  all  unlikely  to  hi^pen,) 
thai  you  must  get  it  out  by  the  same  meani  as  that  by  which  you  &•- 
tcned  it  in ;  that  is,  you  must  heat  the  neck  of  the  bottle,  ao  as  to  canse 
it  to  expend. 

Uany  a  good  bottle  has  beoi  broken  by  hastily  putting  in  the  cold 
stoppo'  when  the  battle  was  worm. 

57.    Sourett  of  Heat.  —  Besides  the  heat  derived  froni  the 
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Bttn,  ^vre  get  faeat  trom,  omr  ftrdinaiy  fires,  kunps,  from  the 
iricdon  and  collision  of  bodies,  from  chemical  action,  &c 

Exp.  1.  Etat  from  common  Jlmm&^-^^m.)  The  ^egna  flf  bait  of  a 
flame  depends  upon  the  supply  of  air.  Plsoe  a 
odmnion  lamp  glaai  over  a  Ugfated  candle;  tbe 
candle  will  bum  yeiy  ieebtj,  tmkai  you  laiee  the 
glass  a  little  so  as  to  udasat  a  cuxrent  of  air 
thxough  the  tube.  (6.)  Slowly  and  gradually  in- 
sert a  burning  splinter  of  dry  wood  into  a  andl 
viol  bottle ;  the  portion  of  the  spUnter  outside 
of  the  bottle  bums,  but  that  within  the  nal 
merely  becomes  caxboniaed,  because  there  is  not  a 
sufficient  quantity  of  air  to  bum  it  complpiftriy. 
On  this  principle  charcoal  is  made. 

Esqf,  2.  Heat  from  friction,  —  Bob  a 
button  upon  a  deal  board;  the  button 
will  soon  become  quite  hot 

Exp.  3.  Heat  frrom  collision,  (a.) 
Strike  a  spark  with  a  flint  and  a  sted. 
(6.)  Hammer  a  piece  ofinm  until  it  be- 
comes hot. 

Exp,  4.  Hcaifiom  chemical  action,  —  (a.)  Place  a  mall  hit  of  |Aios- 
phorus  upon  a  dry  deal  board ;  drop  a  small  piece  of  iodine  upon  the 
phosphorus;  the  bodiei  will  unite  i^ontaneouslyv  and  will  form  a  oom- 
pound  of  ijpdine  and  phosphorus. 

(6.)  Pour  some  water  vspan  sulphuric  acid ;  the  mixture  will  beoome 
intensely  hot.  In  this  case,  the  Tolume  of  the  mixture  will  be  ham  than 
the  sum  of  the  volumes  of  the  two  ILqukls.  This  condensation  of  vol- 
ume is  no  doubt  the  cause  of  the  development  of  the  heat,  for  a  change 
of  Tolume  18  always  attended  with  a  changeof  ^pse^  Aso^or  a  ehange 
cf  the  body's  capaeitjfjor  heat. 


JF>iff,  66. 


58.    Good  and  Bad  Omdwitofz  of  Skat, 

Exp.  1.  Put  the  end  of  a  tcAxioco  pipe  into  the  fire,  and  at  tha 
time  put  the  end  of  a  pcAet  into  the  flre ;  after  the  lapse  of  a  ftw  nin- 
tttes,  touch  the  pokar,  at  the  distance  of  a  few  inches  ftorn  the  haatod 
extremity,  and  it  will  feel  quite  hot ;  at  the  same  moment  touch  the 
extremity  of  the  tobacco  pipe,  and  it  will  scarcdy  foel  warn:  thus 
showing  that  inm  is  a  much  better  oonduotor  of  heat  than  the  material 
composing  the  pipe. 

Eacp.  2.  Touch  the  metal  portion  of  the  handle  of  an  Italian  iron ; 
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it  irill  $ak  hot;  touch  the  'wooden  portioa  of  the  handle,  and  it  will  feci 
comparatively  cool ;  ther^  ehowing  that  iron  is  a  much  better  con- 
ductor of  heat  than  wood. 

Compare  the  heat  of  the  handle  of  a  saucepan  haying  a  metal  handle, 
with  the  heat  of  the  wooden  handle  of  another  saucepan. 

Exp.  3.  Touch  the  wooden  leg  of  a  table  with  one  hand,  and  the 
brass  castor  with  the  other ;  the  one  feels  cold,  the  other  neither  hot  nor 
odd.  Here  the  metal,  being  a  good  conductor  of  heat,  conveys  the  heat 
from  the  hand  more  rapidly  than  the  wood,  which  is  a  bad  conductor  of 
heat. 

Exp,  4.  Touch  the  hot  surface  of  a  teapot  through  a  piece  of  paper ; 
you  scarcely  feel  the  heat :  now  touch  it  through  a  piece  of  tin  foil  or 
sheet  lead ;  you  instantly  feel  the  heat.  The  paper  is  a  bad  conductor 
of  heat;  but  the  tin  fi>il,  as  wcU  as  metals  generally,  is  a  good  conductor 
of  heat. 

We  clothe  our  bodies  with  woollen  and  linen,  and  such  like  materials, 
because  they  are  bad  conductors  of  heat. 

£q».  6,  Fill  a  common  porter  bottle  with  hot  water,  and,  after  cork- 
ing it  up,  wrap  it  in  a  dry  piece  of  flannel ;  the  bottle  may  remain  in 
that  state  for  an  hour,  without  much  sensible  change  in  its  heat.  Here 
the  heat  is  kept  in  the  bottle  by  the  non-conducting  substance  with 
which  it  is  surrounded. 

EsBp.  6.  Pour  some  cold  water  into  a  tumbler ;  carefully  pour  some 
hot  water  upon  the  top  of  the  other ;  apply  your  hand  to  the  lower 
part  of  the  tumbler :  the  temperature  of  the  water  beneath  is  scarcely  at 
an  affected ;  thereby  showing  that  water  and  glass  are  both  had  con- 
ductors of  heat,  and,  moreover,  that  the  hot  water  is  lighter  than  the 
odd  water. 

Hot  water  is  specifically  lighter  than  cold  water,  because  of  the  cx- 
paorion  by  heat,  which  causes  bodies  to  become  less  dense 

TVy  to  place  odd  water  on  the  top  of  hot  water. 

Exp.  7.  Nearly  fill  a  tumbler  with  cold  water ;  pour  some  ether  upon 
Its  suzftoe;  the  ether  will  float  upon  the  water:  ignite  the  ether  by 
throwing  a  small  piece  of  lighted  paper  upon  it ;  the  great  heat  at  the 
flurfiioe  of  the  water  will  not  senobly  affect  the  temperature  of  the  water 
at  the  lower  portion  of  the  tumbler. 

Exp.  8.  Take  two  pieces  of  small  wire,  of  exactly  the  same  length 
and  thieknen,  the  one  being  copper  wire,  and  the  other  iron  or  steel 
wire ;  hold  one  in  each  hand,  and  insert  their  extremities  into  the  flame 
of  a  candle ;  you  will  find  that  the  heat  will  pass  along  the  copper  win 
much  mofe  n^iidly  than  it  will  pass  along  the  iron  wire,  fiv  the  OQa« 
ducting  power  of  copper  is  more  than  double  that  of  izon, 
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59.    Good  and  Bad  Radiators  and  Reflectors  of  Heat, 

Exp,  1.  Place  a  tin  plate  and  a  piece  of  board  within  a  foot  and  a 
half  of  a  good  fire ;  after  a  few  minutes,  the  surfiiee  of  tiie  deal  board 
will  fed  quite  hot,  but  the  temperature  of  the  tin  will  acarcdy  at  all  be 
altered.  ^Mlat  is  the  cauae  of  this  remarkable  effect }  Wood  is  a  bad 
reflector  of  heat,  and  thereiore  it  absorbs  nearly  all  the  heat  which  falls 
upon  it ;  on  the  other  hand«  tin  plate  is  an  excellent  reflector  of  heat, 
and  therefore  nearly  all  the  rays  of  heat  which  &11  upon  its  auzftce  axe 
reflected  fix>m  it. 

Exp,  2.  Obsenre,  when  the  sun  is  shining,  that  the  panes  of  the  win- 
dow never  become  warm,  while  the  wooden  ban  become  hot. 

Exp,  3.  Hold  a  tin  plate,  in  an  inclined  position,  a  few  feet  before  a 
good  fire;  receiye  the  reflected  heat  upon  the  hand;  you  will  feel  a  de- 
cided increase  of  temperature. 

Exp,  ^,  Try  the  same  experiment  with  a  deal  board,  or  with  a  rough 
plate. 

Exp,  5.  Take  a  clean  m^al  teapot,  and  a  common  earthen  ware  one ; 
fill  them  both  with  hot  water ;  allow  them  to  stand  for  about  a  quarter 
of  an  hour ;  dip  your  hand  into  the  water  of  each ;  the  water  in  the 
metal  teapot  feels  much  warmer  than  that  which  is  in  the  eorUien  ware 
one.  Why  ?  Simply  because  the  earthen  ware  veaMl  is  a  much  better 
radiator  of  heat  than  the  metal  one. 

The  principle  which  regulates  the  power  of  radiating  sur- 
faces is  this :  The  best  reflectors  are  the  worst  radiators. 
Thus,  bright  polished  surfaces,  (other  things  being  the  same,) 
which  are  the  best  reflectors,  are  the  worst  radiaU»9;  and 
rough,  black  surfaces,  which  are  the  worst  reflectors,  are  the 
best  radiators.  Bad  reflectors  either  transmit  or  absorb  the 
heat  which  falls  upon  them. 

Exp,  6.  Cover  half  of  one  side  of  a  pieoe  of  glass  with  tin  foil ;  hoUl 
the  covered  side  next  to  a  good  Ore ;  place  your  hand  on  the  other  side ; 
no  heat  will  be  folt  o^  that  part  of  the  glass  which  is  behind  the  tin  foil, 
but  a  sensible  temperature  will  be  felt  behind  the  other  portion :  he^e 
the  tin  foil  reflects  all  the  heat,  and  the  glass  transmits  a  portion  of  heat 
through  it. 

Now  blacken  the  uncov€|^  portion  of  the  glass  with  soot,  and  a  ctiU 
greater  difference  of  heat  will  be  observed.  In  this  case,  the  soot  ab- 
sorbs all  the  heat  which  falls  upon  it,  and  becooiing  thewby  heated» 
radiates  this  heat  to  the  hand. 

Exp,  7.  Envelop  two  tumblers  with  paper,  one  with  Uack  paper,  the 
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other  with  Bihrer  paper ;  partly  fill  the  tumblers  with  water,  an  expose 
*  them  to  the  heat  of  the  sun ;  after  the  lapse  of  a  few  minutes,  ascertain 
the  temperature  of  the  water  in  the  tumUers,  by  means  of  a  thermom- 
eter; the  water  in  the  tmnbler  with  the  black  paper  will  be  found  to  be 
much  warmer  than  the  water  in  the  other.  Here,  the  black  paper  ab- 
ncbi  the  heat,  while  the  silTer  paper  reflects' it. 

Reverse  the  form  of  this  experiment  by  filling  the  tumblers  with  hot 
water ;  after  the  lapse  of  a  few  xninutes,  the  water  in  the  tumbler  with 
the  black  paper  will  be  found  to  be  much  cooler  than  the  water  in  the 
other. 

Here  the  black  pqier  radiatea  the  heat  much  more  rapidly  than  the 


Exp,  8.  Make  two  little  fire  sereena,  one  of  pasteboard,  and  the  other 
of  tin  plate;  place  them  about  a  foot  before  the  fire,  and  after  a  fow 
minntfB  try  the  heat  which  they  transmit ;  the  air  beyond  the  paste- 
board will  be  much  wanner  than  that  which  lies  beyond  the  tin 
plate*  — 

60.  Heat  changes  liquids  into  vapors,  and  cold  condenses 
these  vapors. 

£iji.  1.  When  water  boils  in  the  kettle^  observe  the  steam  or  vapor 
as  it  issues  from  the  spout. 

(a)  The  vapor  is  seen  for  about  an  inch  in  front  of  the  spout ;  it  then 
rises  and  gradually  disappears  by  mixing  with  the  air.  The  air,  it  must 
be  observed,  can  always  absorb  or  retain  a  certain  portion  of  vapor. 

(ft)  Hold  a  cold  plate  in  front  of  the  steam ;  it  is  condensed,  that  is 
to  say,  it  is  converted  into  water  again.  In  a  short  time  the  plate  will 
become  quite  hot,  from  the  heat  given  up  by  the  steam  on  its  return  to 
the  hqnid  state.  Thia  heat  is  called  latent  heatt  because  the  water  after 
condensation  has  the  same  temperature  as  it  had  just  before  condensa- 
tion :  this  lat&t  heat  is  the  heat  requisite  fbr  maintaining  water  in  the 
state  of  Bteam  or  vapor.  'Whenever  a  body  passes  from  the  vaporous 
state  to  the  liquid  states  or  from  the  liquid  state  to  the  solid,  it  must  give 
off  its  latent  heat,  and  wee  vena* 

{€)  Plunge  the  ball  of  a  thermometer  into  the  steam ;  the  mercury 
will  rise  in  the  small  tube  until  it  arrives  at  212^,  where  it  will  remain. 
Flimge  the  ball  into  the  boiling  water;  the  mercury,  as  befbre,  will 
etand  at  212^.  Water  under  ordinary  circumstances  constantly  boils  at 
a  temperature  of  212^.  What  becomes  of  all  the  heat  that  is  con- 
stantly passing  fWm  the  fire  to  the  water?  It  remains  in  a  latent  state 
in  the  steam.  So  long  as  water  remains  in  the  kettle  there  is  no  danger 
of  it  being  destroyed  by  the  heat;  but  the  kettle  will  soon  be  cracked 
by  the  heat  if  it  is  allowed  to  rc?main  on  the  fire  alter  the  water  has 
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been  boiled  away.  The  evaporation  of  the  water,  by  constantly  ab- 
aocfaing  the  heat,  prevents  the  metal  from  liaing  above  a  oertain  degree 
of  heat. 

{d)  Observe  the  violent  ebuOiUont  or  boiling  np,  of  the  water,  as  the 
steam  issues  from  its  surfiice. 

Exp,  2.  BoU  some  water  in  an  egg  shell;  the  evapantion  of  the 
ivater  prevents  the  egg  shell  from  being  burned. 

In  warm,  dry  weather,  water  rises  spontaneoasly  into  the 
air ;  this  is  called  evaporation. 

Etp,  3.  Pour  a  little  water  on  a  plate ;  after  a  short  time,  if  the  at- 
mosphere is  in  a  dry  state,  all  the  water  will  be  evaporated.  Where  has 
it  gone  ?  It  is  absoibed  by  the  sunounding  air,  which  has  a  certain 
capacity  for  retaining  moisture ;  this  capacity  increases  with  the  tem- 
perature of  the  air. 

A  drop  of  ether,  let  fidl  npon  a  plate^  will  be  still  more  n^idly  evap- 
orated. 

Wrap  a  bit  of  blotting  paper  round  the  boll  of  a  thennometer; 
moisten  the  paper  with  water ;  in  a  short  time  the  mercury  in  the  tube 
will  fjall ;  thereby  showing  that  the  evaporatkm  of  the  water  produces 
cold. 

The  effisct  in  this  experiment  will  be  more  maAed  if  spirits  or  ether 
are  used  in  the  place  of  water. 

Let  frll  a  drop  of  spirits  of  wine,  or  ether,  upon  the  back  of  the  hand : 
move  the  hand  backwards  and  forwards;  the  liquid  will  be  quickly 
evaporated,  and  a  sensation  of  cold  will  be  produced  on  that  part  of  the 
hand  Ivheie  the  drop  was  placed. 

When  the  air  is  cooled  down  to  a  certain  point,  it  deposits 
moisture ;  this  is  called  the  dew  point 

Exp.  4.  Bring  a  cold  plate  from  the  external  air  into  #warm  loonu 
where  there  is  a  good  iire ;  moisture  will  be  instantaneously  deposited 
upon  the  plate.  Hers  the  air  in  contact  with  the  cold  plate  deposits 
a  portion  of  its  moisture.  Take  a  dry  tumbler  into  a  warm  room ; 
fill  the  glass  with  cold  spring  water ;  moisture  will  be  deposited  uiMm 
the  outside  of  the  glass. 

The  temperature  of  the  water  just  requisite  for  forming  the  deposition 
of  moisture  is  called  the  dew  point  of  the  air  in  the  apartment. 

Dew  is  formed  upon  the  leaves  of  the  plants  in  a  similar  way. 

When  air  contains  all  the  moisture  which  it  is  capable  of  supporting, 
it  is  said  to  be  eaturated  with  moisture.  In  damp  weather,  the  air  la 
always  .saturated  with  moisture,  but  in  dry,  dear  weather,  tlic  nir  is 
usually  below  this  point  of  satoration. 
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The  evaporation  of  moisture  from  the  earth  goea  on  more 
rajddlf  during  warm,  diy  weather,  tlian  in  cold,  damp  weather. 
When  the  atmoephere  is  warm  and  dry,  the  moisture  in  it  is 
perfectly  invmble ;  but  when  the  atmoaphere  undergoes  a 
gmt  redaction  of  temperature,  the  moisture  which  is  in  it 
becomes  visible,  and  is  deposited  in  the  form  of  fog,  or  mist, 
or  dew,  and  also  in  the  fonn  of  rain  or  snow.  The  absolute 
quantity  of  moisture  which  the  air  will  sustain  depends  solely 
upon  its  temperature ;  but  the  process  of  evaporation  is  accel- 
erated by  the  rarefaction  of  the  air ;  that  is  to  say,  other 
things  being  the  same,  water  will  be  much  more  rapidly 
evaporated  in  an  atmosphere  of  bw  preasure  tiian  in  an  ai^ 
mospbere  of  high  pressure. 

Eip.  6.    Water  boili  at  a  tow  ttmptrattm  in  o  taautm.  —  Half  fill  a 
flask  with  hot  water  {  boil  the  water  until  Mc«m  imam  fiom  the  mouth ; 
remove  the  9wk  from  the  flame  and  quicUy  owk 
it:   the  boiling  immediately  cena.    Four  cold 
water  over  the  upper  part  of  the  Saak ;  the  bal- 
ing immediately  begins  again  with  incieaied  vio- 

HcK  cold  appcan  to  make  the  water  bcil ;  how 
is  thia  ^  Ths  cold  watCT  ecnd«oa»  the  steam  in 
the  u^icr  portion  of  the  OtA,  and  fivma  a  vaon- 
um.  or  at  Icsat  a  partial  vacuom,  and  the  water 
bmls  again  because  it  is  not  subject  to  any  pressure. 
upon  its  Eurlncc.  This  ez[Juns  why  water  bnls 
at  a  less  temperature  upon  the  tops  of  mountain*  k,_  gg_ 

than  it  does  in  the  plains  or  vaileya. 

When  the  hd  of  a  eauccpsn  is  kopt  tightly  dawn,  the  water  boils  at 
•  higher  temperature  than  212°.  On  tUs  {sindple  we  obtain  steam  in 
the  bcoler  ^  the  tteam  eogino  of  a  gnat  exponaive  pnnuic 

61.    Cold  is  produced  when  certiun  substances  melt. 

Exp.  1.  When  you  ibrrn  an  efferrescing  draught,  ohserre  that  the 
drink  iR  very  culd.  Plunge  the  bulb  of  a  thermometer  into  the  nuxture, 
and  you  will  find  that  the  mercury  will  fall  eercnl  degrees.  Hen  two 
crysiolline  sulslimces  are  rapidly  dissolftd  by  water;  and,  mtveovav 
the  tapid  cacape  of  caibooic  add  gas  further  idds  the  reductim  of  tem* 

10- 
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Exp*  2.  Mix  some  snow  or  ice  and  common  salt  together ;  the  two 
solids  will  become  a  liquid,  and  an  intense  degree  of  cold  vriXi  be  pro- 
duced.   This  is  called  a  freezing  mixture. 

Exp,  3.  Put  a  piece  of  ioe  into  water ;  plunge  a  thennometer  into  the 
liquid :  in  a  short  time  the  thennometer  will  smk  to  32^,  the  tempera- 
ture at  which  water  freezes  or  at  which  ice  melts :  the  thennometar  will 
Btand  at  32^  so  long  as  there  is  a  particle  of  ice  in  the  water. 


CERTAIN   LAWS  AND  PHENOMENA  OP  HEAT  MORE 

FULLY  CONSIDERED. 

EXPANSION   OF  BODIES  BT  HEAT. 

G2.  In  the  construction  of  large  metal  structores,  a  due 
allowance  is  always  made  for  the  expansion  and  contraction 
of  the  material  from  the  changes  of  temperature.  In  the 
great  tabular  bridges,  several  inches'  play  are  allowed  for  the 
expansion  and  contraction  of  the  metaL 

The  following  apparatus  fihows  in  a  striking  manner  the  expansion  of 
metals  by  heat :  — 

C  D  is  a  metal  rod  furnished  with  a  handle 
A;  B  a  flat  plate*  pierced  with  a  hole,  into 
which  the  rod  C  D  fits  freely  and  exactly,  and 
prorided  with  a  notch  in  one  side  exactly  oor- 
reeponding  to  the  length  of  the  rod  C  D  when 
it  is  of  the  usual  temperature.  Now,  when  C  D 
IS  heated  in  the  fire,  it  will  expand  in  all  direc- 
tions ;  and  it  will  be  found  to  be  too  thick  to 
enter  the  hole,  and  its  length  will  be  so  much 
increased  that  it  will  not  enter  the  notch.  Let 
the  bar  C  D  be  now  plunged  into  cold  water, 
then  it  will  return  to  Us  original  dimAnginp^ff 
and  it  inll  again  fit  the  hdie  and  the  notch.  ^'  ^7' 


LinnX  AND   HKAT. 


Oompenuiiion  Ptndulumt. 

63.  In  nder  thst  a  pendulum  ahouU  exactly  vlhtsle 
in  the  lame  Une  in  wintci  and  Bummer,  it  U  neceseoiy 
that  ila  length  «faould  not  be  altered  by  tltglit  varUtioiu 
^  tempentnre.  Poiduluini  vhich  are  conMnicted  >o  as 
to  counteract  the  influence  of  chongea  of  tempanture  are 
called  compensatioa  pendulumg. 

TItt  gridirott  pmduium,  repreiented  in  Hg.  SB,  consiita 
•at  two  di&ercnt  kindi  of  metals,  connected  together  aome- 
ythat  m  the  tana  of  b  gridiron.  The  bob  P  ii  tuEpendcd 
by  the  iron  rod  P  C,  which  ia  aUachcd  to  the  two  one 
rod*  P  Q  and  K  L  taminating  at  the  bottom  in  the  ircn 
ttmeBEDA.  Now,  under  equal  augmentaticoi  of  heat, 
line  otpanda  about  twice  as  much  as  iron ;  hmce,  if  the 
laigth  of  tlie  iron  rod*  in  this  pendulum  be  ahout  donbto 
thatof  thenncnditthe  expatudoa  of  the  odb  metal  would 
exactly  countnact  the  expannon  of  the  other.  The  ei- 
pBuku  at  the  inn  rod  C  P,  aa  well  aa  the  atpanrion  of 
the  iron  fkamo  A  D  E  B,  cairiea  the  bob  P  hiOta  away 
fioro  tbe  point  of  auEpension  S ;  bnt  the  expaniica  of  tlw 
two  lino  rodi  O  P  and  L  K  Icings  the  bob  F  neaier  to  tbe 
Buspendon  S ;  and  wboi  these  two  ezpanaiona  ate  equal, 
the  distance  between  the  bob  and  the  point  of  auspeniiai 
remain*  the  same ;  that  is,  the  Ungth  at  the  pendnlum  re- 
mains the  same  under  every  change  of  tampevtuie. 

The  mercvrUU  ampaaatum  penduliM,  lepraented  in 
Rg.  89,  is  a  more  simple  omtrinnce  fcr  attaining  the 
tame  end.  A  glass  vessel  B  contaiiung  some  mercury  is 
suspended  &um  the  pendulum  tod  A  C.  When  the  rod 
A  C  expands,  the  distance  of  the  vesKl  B  &om  the  point 
of  Euspennon  C  is  innreased ;  but,  on  the  other  hand,  the 
expansion  of  the  mcrcuiy  in  the  veoel  biings  the  centra 
<^  gravity  of  the  mass  neater  to  the  pcdnt  of  suspension  (  end  the  pn>> 
pwtian  of  the  parts  may  be  so  a^ustod  that  the  cfltet  of  the  expamaon 
in  one  direction  may  exactly  neutralize  the  effect  of  expansion  in  the 
contrary  direction. 

TTierTTiometert. 

64.  Theae  important  inBtnimenta  are  uaed  to  measiire  the 
degree  of  leinperatur«  to  which  bodies  are  raued.  When  very 
high  temperatures  are  to  be  measured,  the  instrument  ia  called 
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a  pyrometer.  The  change  of  volame  which  takes  place  in 
the  substance  employed  in  the  instrument  serves  as  an  index 
to  the  degree  of  heat.  The  thermometer  derives  its  name 
from  the  particular  thermoscopic  substance  used;  thus  wo 
have  the  common  mercurial  thermometer,  the  spirit-of-wine 
thermometer,  and  the  air  thermometer. 

The  mercurial  thermometer  oonfiists  of  a  small  glass  tube  A  C  of  uni- 
form bore,  to  the  end  of  which  a  bulb  B  is  blown ;  this  bulb  and  a  small 
portion  of  the  stem  ore  filled  with  quicksilver,  and  the  open  end  of  the 
tube  is  hermeticaliy  sealed. 

Under  ordinary  circumstances,  water  always  boils  and  freezes  at  the 
same  temperature :  this  gives  us  the  means  of  fixing  a  true  scale  of  com- 
pazison  fi^  all  thermometers.     In  our  country  the  freeastng  temperature 
of  water  is  called  S2^,  and  its  boiling  temperature  212°,  so 
that  between  these  tw6  points  of  tiie  scale  we  have  18(1,  eqtitil 
divisions  or  degrMS,  each  eqmki  poortLotfi  btSng  the  amount  of 
expansLou  due  to  1°  of  teapeiMure.    To  graduate  the  tlier*         b^sii* 
mometer,  therefore,  we  first  plunge  the  bulb  into  freezing 
water,  or,  what  is  the  same  thing,  into  melting  ioe^  and  plaee  it 

a  mark  of  32°  at  A,  opposite  to  the  point  at  which  the  mer- 
cury stands  in  the  tube ;  we  then  plunge  the  bulb  into  boil- 
ing water,  and,  in  like  manner,  place  a  mark  of  212°  at  C,  [f  ^^ 
opposite  to  the  point  at  which  the  mercury  now  stands  in  the 
stem ;  the  distance  between  these  two  points  A  and  C  is  then 
divided  into  180  equal  parts,  each  part  being  called  a  degree, 
and  the  scale  is  extended  upwards  or  downwardfi  accordingly. 

The  apirit'of'ioind  thermometer  is  graduated  in  a  similar 
manner. 

The  air  thermometer,  —  Fig.  91  represents  a  common  air 
thermometer.  Here  the  open  end  of  the  tube  d,  with  its  bulb 
b  uppermost,  is  inserted  in  some  colored  liquid,  which  is  al- 
lowed to  rise  up  a  portion  of  the  tube,  as  to  d.  When  heat  is 
applied  to  the  bulb  b,  the  air  in  it  expands,  and  thus  depresses 
the  liquid  d  in  the  tube ;  from  the  amoimt  of  depression  an 
estimate  may  be  formed  of  the  degree  of  heat  applied  to  the 
bulb.    These  instruments  are  exceedingly  sensitive. 

The  differential  thermometer,  represented  in  Fig.  92,  oonsistB 
of  two  glass  bulbs  a  a  containing  atmospheric  air,  but  the 
lower  one  is  partially  fiUed  with  a  colored  fluid  which  rises  in  ^g,  91* 
the  glass  tube  to  the  zero  point  0.    From  this  point  the  de- 
grees on  the  scale  run  up  and  down,  as  shown  in  the  figure.    It  will  be 
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nndentood  that  when  the  two  hulbs  are  placed  tinder  the  same  heat, 
as  they  usually  are  when  the  instrument  is  not  in  use,  the  ookaed  liquid 
stands  at  the  aero  point  0  on  the  scale;  but  if  the  temperature  of  the 
upper  bulb  be  raised,  thai  the  liquid  will  sink  below  this  soo  point,  and. 


Fiff.92. 
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on  the  contrary,  if  the  temperature  of  the  upper  bulb  be  lowoed,  the 
liquid  will  rise  abore  the  aero  point;  hence  the  instrument  has  been 
called  the  ddfermUial  thennometer,  because  it  measures  any  minute  dif« 
ferences  of  temperature  in  the  two  bulbs. 
Fig.  93  represents  another  ^orm  of  this  instnunent* 

PROPAGATION  OF  HEAT. 

65.  The  free  caloric,  as  already  stated,  in  all  bodies,  tends 
to  a  state  of  equilibrium,  or  to  a  state  of  equality,  with  respect 
to  its  distribution.  Heat  is  propagated  by  direct  radiation,  by 
reflection,  and  by  conduction. 


RADIATION   OF  CALORIC. 

66.  Radiant  caloric,  like  light,  is  thrown  off  from  the  sur- 
faces of  bodies  in  all  directions  in  right  angles. 

The  intensity  of  radiant  caloric  may  be  measured  in  the  following 
manner:  — 

Exp.  Place  the  bulb  T  (Fig.  94)  of  an  air  thermometer  near  to  a  hot 
metal  ball  M ;  between  them  interpose  the  screen  S,  through  which  an 
aperture  O  is  made. 

When  the  aperture  O  is  brought  in  a  line  with  the  heated  ball  M 
and  the  bulb  T  of  the  thermometer,  the  liquid  instantly  descends.    By 
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Fig.  94. 

placing  the  bulb  of  the  thermometer  at  difGerent  diatanoea  firom  M»  the 
relative  intensities  of  the  radiated  heat  may  \e  duly  ascertained. 

In  order  to  show  that  reflected  heat  follows  the  same  law  as  reflected 
light,  place  a  red  hot  ball  a  in  the  fbcus  of  the  concave  tin  re^pctor 
ndmi  the  says  of  oaloric  will  be  reflected  in  the  porsUd  linamp  m  oi 
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Fig.  96. 

&c.,  and,  meeting  the  second  reflector  pr  Ot  they  will  be  reflected  to  the 
focus  b,  and  a  thermometer  placed  there  will  indicate  the  degree  of  heat 
reflected.  The  surface  of  these  reflectors  should  have  a  parabolic  form, 
in  order  that  aU  the  parallel  rays  may  meet  in  the  same  focus. 

If  a  lump  of  ice  be  substituted  in  the  place  of  the  hot  ball,  the  ther- 
mometer in  the  focus  b  will  instantly  indicate  a  foil  in  the  temperature. 
In  this  case,  more  caloric  radiates  foom  the  ball  of  the  thennometer  than 
from  the  lump  of  ice ;  the  consequence  is,  that  the  ball  of  the  thermom- 
eter suffers  a  diminution  in  the  quantity  of  its  heat. 

Exp.  Let  M  and  M'  (Fig.  96)  be  two  concave  parabolic  reflectoo, 
placed  at  the  distance  of  ten  or  twelve  feet  from  each  other.    Place  some 
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Fig.  96. 


LIGHT  AND   HEAT. 


191 


phoqihorus  or  guspowder  in  the  iocaafoS  the  reflector  M,  and  a  red  hot 
inftflji'^^r  ball  in  the  other  focus/';  in  a  few  minutes  the  phosphorus  or 
gunpowder  will  be  ignited  by  the  heat  radiated  fiom.  the  ball  and  oon- 
oentmted  at  the  fiicns/'  by  Ihe  reflectow. 

7%0  reflecting  power  of  substaaces  varies  not  ofilj  with  the 
nature  of  their  surfaces,  but  also  with  the  material  of  which 
ihej  consist  Polished  metallic  surfaces  are  the  best  reflectors 
of  heat,  and,  accoiding  to  Leslie,  brass  and  silver  are  the  best 
reflecting  substances.  Non-metallic  bodies  have  iwrj  low 
reflecting  powers ;  indeed,  manj  of  them  entirely  absorb  all 
the  heat  which  impinges  upon  them.^ 

A  body  absorbs  that  heat  which  it  does  not  reflect ;  hence 
the  absorptive  power  of  a  body  is  inversely  as  its  reflective 
power ;  and,  as  a  general  rule,  the  power  of  absorption  cor- 
responds with  the  power  of  radiation :  thus,  for  example,  a 
surface  of  lampblack  has  no  reflective  power,  but  it  possesses 
tiie  highest  radiating  and  absorbing  powerl 

Those  substances  which  allow  all  the  rays  of  heat  to  pass 
through  them  are  called  dxaiher'manaus  ;  and  those  substances 
which  retain  all  the  heat  they  receive  are  called  other' numous. 

Gases,  such  as  the  air,  are  diathennanous ;  and  opaque  bodies,  such 
as  the  metab,  are  athennanous.  The  power  of  a  body  to  transmit  heat 
depends  upon  Us  possessing  some  degree  of  transparency ;  but  at  the  same 
time  it  is  remarkable  that  the  capacity  of  liquids  and  solids  for  transmit- 
ting heat  is  not  always  in  proportion  to  their  transparency  or  capacity 
fcK  transmitting  light.  Bock  salt  is  the  most  diathennanous  of  all  solids, 
and  alum  is  the  least.    Of  all  liquids  water  is  the  least  diathennanoiia. 


Leslie's  Experiments  an  the  Radiating  Powers  of  different 

Surfaces, 

In  these  experiments  a  small  canis- 
ter of  tin  was  employed,  one  side  of 
which  he  polished,  the  second  he  made 
rough  by  scraping,  the  third  he  cov- 
ered with  glass,  and  the  fourth  he 
coated  with  lampblack.  He  then  filled 
the  canister  with  boiling  water,  and  pre- 
sented the  different  aides  in  suooessioii  in  jpig^  97. 
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ihmt  of  a  ooncsve  reflector  M,  in  the  fbcos  of  which  he  plaeed  a  ball 
/,  of  a  delicate  differential  thermometer,  as  shown  in  Fig.  97.  With 
this  apparatus  he  first  verified  the  law,  that,  other  things  being  the 
sameb  ike  amount  of  radiant  heat  ie  proportional  to  the  lUfferenee  between 
the  temperatnre  of  the  teater  and  the  temperature  of  the  air.  He  then 
showed  that  the  radiaUon  is  proportional  to  the  extent  of  the  radiating 
suriaoe,  and  inversely  as  the  distance  of  the  radiating  sur&ce  fiom  the 
reflector.  He  further  showed  that  the  polished  fiice  of  the  canister  radi- 
ated the  least,  and  that  covered  with  lunpUack  mdiatod  the  most ;  and 
00  on  to  ihe  radiating  powers  of  the  other  sui&ce. 


CONDUCTION   OP  HEAT. 

67.  It  has  already  been  shown  (see  page  180)  that  bodies  differ  very 
much  in  their  powers  of  conducting  heat.  The  following  simple  experi- 
ment shows,  in  a  marked  manner,  the.  dtflEerenoe  in  the  conducting 
powers  of  rods  of  different  substances. 

Esep.  Take  two  equal  rods,  (say  of  iron  and  glass ;)  tie  them  together 
at  one  end  with  a  piece  of  fine  wire^  and  attach  a  ball  of  wax  at  their 
other  extremities,  b  and  d,  as  shown  in 
Hg.  98  ;  apply  the  flame  of  a  spirit  lamp 
to  the  part  a  e,  where  the  rods  are  con-    ^ 
nected ;  then  the  wax  on  the  iron  rod  will 
be  completely  mdted,  while  that  on  the 
glass  rod  will  remain  unchanged ;  thereby 
showing  that  iron  is  a  much  better  con-  Fig.  98. 

ductor  of  heat  than  glass. 

77ie  propagcUion  of  heat  in  liquids  varies  according  to  the 
part  at  which  the  beat  is  applied.  When  the  heat  is  applied 
at  the  surface,  the  conduction  goes  on  very  slowly ;  in  this 
case  the  liquid  conducts  heat  in  the  usual  manner :  but  when 
the  heat  is  applied  to  the  lower  portion  of  the  liquid,  the 
heated  particles,  being  spocificallj  lighter  than  the  cold  parti- 
cles, rise  successively  to  the  surface,  while  the  cooler  particles 
at  the  surface  descend ;  and  thus  this  constant  current  diffuses 
the  heat  equally  throughout  the  whole  mass.  But  this  trans- 
mission of  heat  takes  place  independently  of  the  ordinary 
principle  of  conduction ;  it  is,  in  fact,  an  operation  of  cwwey^ 
once,  not  of  conduction  from  particle  to  particle. 
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Tt*  Utaring  experimcnti  mfflcientty  ntablbh  Ae  tniOi  of  these 
km:  — 

£qi.  1.  Partly  fill  a  fiAak  with  water,  and  tlitow  lome  powdered 
■mber  (or  any  subetuice  bftvitig  nearly  the  tana  tpeci&e  gtavity  aa  water) 
into  it ;  heat  the  water  by  a  gpiiit  lamp ;  the  cumntB  in  the  fluid  will 
be  ajMTffit  &QJB  the  Mrmt  of  tho  particles  of  amber  up  the  middle  of 
the  wat0,  ai^  iaaa  thai  docent  at  the  aides  <^  the  vessd,  ss  shewn  in 
Kg.  99. 


Eip.  2.  A  (III  Tig.  100)  t^prcsoiB  a  tin  rend  ftill  of  ynta ;  a  md  fr 
thermomaten  —  o&e  placed  near  the  top  of  tbeytoA,  the  other  neerthe 

Float  a  metal  cnp  c.  Oiled  widi  ipitit*  of  nine,  on  the  mrftce  of  the 
water ;  set  fire  to  the  «tdrit,  end  the  heat  ptnluced  will  voy  sood  be 
ahowB  by  the  thermometa  a,  but  the  thermometer  6  will  remain  for  a 
kng  time  without  showing  any  indications  of  heat. 

Remove  the  cup  e,  and  piece  the  need  on  a  lump  of  ice  i  the  lower 
tisermometer  b  will  now  in  a  short  time  indicate  a  reduction  of  tempen- 
tanc  whQc  the  upper  thermomettr  a  will  ramain  unchanged. 

Theae  experiments  show  that  water  i>  a  bad  oondooto;  of  heat. 

PIkb  the  vasd  on  a  hot  plate  or  txick ;  die  whole  of  the  water  will 
become  i^dly  heated,  and  both  thermcBneteta  wiH  indicate  the  tame  or 
nearly  the  same  amoant  of  heat 

Place  a  piece  of  ice  uptm  the  sqi&cg  of  the  water  ;  both  tbermometen 
will  speedily  indicate  a  decrease  of  tonperature.  The  particles  of  the 
water,  sa  they  coed,  become  beavier,  end  dcacoid  to  the  bottom,  while 
tht  lighter  particles  at  the  bottom  rite  t»  the  top,  and  so  cm. 

But  the  wata  at  the  bottcm  oHunt  be  cooled  in  this  ymj  bekw  SS", 
17 
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for  water  aUttim  tit  maximum  deiuUy  before  it  reaehee  the  freezing  poitUt 
that  ie,ata  temperature  ofZ9^. 

Heat  of  the  Ocean. 

68.  In  the  temperate  and  torrid  zones  the  temperature  of 
the  OQ0an,  generally  speaking,  diminishes  as  the  depth  below 
the  surface  increases ;  but  the  reverse  of  this  takes  place  in 
the  frigid  zones,  for  when  the  water  at  the  sur&oe  is  less  than 
d2^,  the  lower  portions  cannot  have  a  lower  temperature  than 
89°,  for  this  is  the  temperature  corresponding  to  the  greatest 
specific  gravity  of  water.  Hence  it  is  that  ice  is  always 
formed  upon  the  surface  <^  the  water,  and  not  at  the  bottom* 
Hence  fishes  are  enabled  to  live  in  our  northern  seas. 

If  the  ordinary  law  of  density,  as  depending  upon  temper- 
ature, had  existed  in  this  case,  the  whole  of  the  northern  seas 
would  have  been  converted  into  one  solid  mass  of  ice. 

Beat  of  the  Atmosphere. 

69.  Aeriform  bodies  resemble  liquids  in  their  laws  of  ooii- 
duction  and  conveyance  of  heat.  Still  air  is  the  worst  con- 
ductor of  heat,  but  by  the  rapid  ascent  and  descent  of  its 
particles,  it  distributes  heat  even  more  rapidly  than  water. 
The  various  motions  in  the  atmosphere,  noticed  in  Fneu« 
matics,  depend  upon  this  property. 

Queries. 

70.  The  student  will  now  be  able  to  answer  the  following 
queries :  — 

1.  Whether  will  water  boil  sooner  in  earthen  ware  vessels  or  in  tin 
ones? 

2.  What  is  the  use  of  having  double  windows  in  a  house  ? 

3.  Why  do  brass  cannon  become  sooner  hot  than  ixxm  ones  ? 

4.  If  we  touch  a  piece  of  wood  and  a  piece  of  metal,  both  at  a  tem- 
perature higher  than  our  body,  the  metal  feds  hotter  than  the  wood. 

Why? 
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5.  Thatched  roofi  are  cooler  in  1111x11x167  and  warmer  in  winter  than 
slate  rooft.    Why  ? 

6.  What  is  the  use  of  making  boilers  and  saucepans  with  wide  bot- 
toms ? 

7.  Why  are  woollen  shirts  warmer  than  linen  ones } 

8.  What  part  of  a  crowded  church  is  the  coolest  ? 

9.  Snow  is  a  bad  conductor  of  heat.  What  is  the  utility  of  this 
property  ? 

10.  Why  does  a  man  blow  his  hands  to  make  them  warm,  and  his 
soap  to  make  it  cool  ? 

11.  Why  are  people  liable  to  catch  cold  when  they  get  their  clothes 
damp? 

12.  Why  should  an  ink  bottle  have  a  small  mouth  ? 

Rate  of  Conduction  in  Bodies. 

71.  The  rate  at  which  heat  is  conducted  depends  upon  the 
difference  of  temperature  between  the  bodies,  or  parts  of  a 
body,  that  are  in  contact.  This  will  be  manifest  from  the  fol- 
lowing experiment :  — 

Eaep*  Plunge  a'thennometer  into  hot  water ;  at  first  the  ascent  of  the 
mercury  in  the  tube  is  very  rapid,  but  as  the  temperature  of  the  mercury 
in  the  bulb  approaches  the  temperature  of  the  water,  the  ascent  of  the 
mercury  goes  on  more  and  more  slowly. 

Heat  is  capable  of  diffusing  itself  more  or  less  rapidly 
through  the  particles  of  all  bodies. 

Capacity  of  Bodies  for  Heat.  —  Specific  Heat  of  Bodies. 

72.  The  amount  of  free  caloric  in  two  different  quantities 
of  the  same  substance  at  the  same  temperature  is  proportional 
to  their  ipasses:  thus,  two  pints  of  hot  water  will  contain 
twice  the  quantity  of  free  caloric  that  one  pint  of  the  water  at 
the  same  temperature  does. 

If  two  equal  quantities  of  water,  or  any  other  Uqmd,  of  different  tem- 
peratures, be  mixed,  the  heat  of  the  mixture  will  be  the  mean  of  the 
two  temperatures.  For  example,  if  a  pint  of  water  at  60®  be  mixed 
with  another  pint  of  water  at  80°,  the  temperature  of  the  mixture  will 
be  equal  to  one  half  of  140°,  or  70°.  If  their  quantities  are  unequal, 
their  common  temperature  after  mixture  wiU  be  fimnd  by  dividing  the 
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mm  of  Uie  products  of  their  maiBeB  into  their  iampervbiam  by  Ihe 
■um  of  their  nuuues ;  thus,  if  we  mix  two  pints  of  water  at  M*  with 
three  pints  «t  100^  the  tanpentare  of  the  nuKture  will  be  c^oid  to 

oTq  =«^^-    Thaw  remits  may  be  readily  prored  ^  «- 


£qual  weights  of  dxuimilar  $uhgtance$  ^-^  bsj  water  and 
mexxnuy  —  at  the  aame  temperature  oontain  unequal  quan- 
tities ti£  heat.  If  we  place  1  lb.  of  water  and  1  Ih.  of  mer- 
eurj  on  a  hot  {date,  it  is  olmons  that  the  mercury  wiU  attain 
any  given  temperature  much  sooner  than  the  water*  The 
water  is  said  to  have  a  higher  capacity  far  heat  than  the  mer- 
cury, for  it  requires  a  larger  quantity  of  heat  to  raise  it  to  the 
same  temperature.  The  quantity  of  heat  required  to  raise 
equal  weights  of  bodies  1^  is  called  their  ipecific  hsai.  In 
general,  the  capadty  of  bodies  fyf  heat  decreases  with  their 
density;  thus  menmry  has  a  less  capacity  for  heat  than 
water,  because  its  density  is  greater ;  thus  the  tliln  idr  on  the 
tops  of  mountains  has  a  higher  capacity  for  heat  than  the 
dense  air  in  the  plains. 

Experiment.  —  Mix  1  lb.  of  mercury  at  66°  with  1  lb,  of  water  at  32^; 
then  the  common  temperature  of  the  mixture  will  be  found  to  be  33^. 

Here  the  miercury  loses  33^,  and  the  water  gains  I® ;  that  is  to  say, 
the  33^  of  the  mercury  only  elevates  the  water  1^,  therelbie  the  capa- 
city of.  water  for  heat  is  33  times  that  of  mercury ;  or,  if  we  call  the 
capadty  or  specific  heat  of  water  1,  then  the  capacity  or  specific  heat  of 
mercury  will  be  ^  or  .0308. 

In  this  way  the  specific  heat  of  vanous  bodies  may  be  determined. 
But  the  capacity  of  different  substances  for  heat  has  been  more  accurately 
detennined  by  observing  the  quantity  of  ice  which  the  body  is  capable  of 
thawuig.  The  instrument  employed  lor  this  ptopose  has  been  called  a 
calorim'eter, 

A  change  of  volume  is  invariably  ctttended  with  a  change  of 
speeifie  hea$0  *-^  When  ihe  bulk  of  a  txKly  is  reduced,  its  ca- 
pacity for  heat  is  also  reduced,  and  free  caloric  is  evolved. 
Wlien  the  bulk  of  a  body  is  increased,  its  capacity  for  heat  is 
also  increased,  and  free  caloric  is  absorbed ;  and  hence  the 
change  is  followed  by  a  reduction  of  tempearature. 
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£^.  1.  Tlie  sudden  condensation  of  air,  in  a  small  tube,  having  a 
solid  piston  fitted  to  it,  will  ignite  tinder.  A  little  instrument  of  this 
kind  is  sold  by  philosophical  instrument  dealera. 

Exp.  2.  Air  forcibly  expelled  from  the.  mouth  feels  cold.  Here  the 
oold  is  due  to  the  sudden  expansion  of  the  air. 

Exp,  3.  Iron  Mrhen  hammered  becomes  hot  Here  the  hammering 
brings  the  particles  of  the  iron  nearer  to  one  another. 

^Dp»  4.  Pour  water  on  some  quick  lime ;  the  water  becomes  incorpo- 
rated with  the  soUd  substance  of  the  lime,  the  specific  heat  of  the  two 
substances  is  reduced,  and  a  powerful  heat  is  therefore  evolved.  (See 
also  BxpmmenU  1»  2,  and  3,  pages  486-6.) 

Heat  chcmges  the  Farm  of  Bodies. 

73.  It  has  been  shown  (see  page  183)  that  when  a  bodj 
changes  its  form,  either  a  certain  quantity  of  free  heat  is  ab- 
sorbed and  becomes  latent,  or  a  certain  quantity  of  latent  heat 
is  evolved  and  becomes  free.  Thus,  when  a  body  passes  from 
the  solid  to  the  liquid  state,  or  from  the  liquid  to  the  gaseous 
state,  a  certain  quantity  of  free  caloric  is  absorbed ;  and,  on 
the  contrary,  when  a  body  passes  from  the  gaseous  to  the 
liquid  state,  or  from  the  liquid  to  the  solid  state,  a  certain 
quantity  of  latent  heat  is  set  free :  the  former  changes  pro- 
duce cold,  the  latter  are  attended  by  the  evolution  of  heat. 

The  change  of  solids  to,  liquids  is  called  fusion  or  meUing. 
The  change  of  solids  or  liquids  to  the  vaporous  or  gaseotis 
state  is  called  vaporization  when  it  takes  place  with  boiling 
or  ebuUition,  but  when  the  change  takes  place  at  ordinary 
temperatures  of  the  air,  it  is  called  evaporation, 

Exp,  1.  Heat  a  small  piece  of  brimstone  in  a  test  tube ;  the  brimstone 
first  melts,  and  then  rises  in  the  foim  of  vapor ;  these  vapon  condense  on 
the  upper  portion  of  the  tube. 
•  Exp,  2.  Heat  a  very  small  piece  of  iodine 
in  a  flask;  the  flask  becomes  filled  with  the 
beautiAil  violet-colored  vapor  of  iodine. 

Ea^,  8.  Boil  some  water  in  a  retort,  and 
receive  the  condensed  steam  in  another  glass 
vessel.  (See  Fig.  101.)  This  is  called  dis- 
tilled water,  and  the  operation  is  cfdled  dis<  ^*  ^^l- 

17* 
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£zp.  4.  Aj^y  theheMin  th«last  cxpaunauaoutocaiHedie«team 
to  Uow  out  of  lite  noule  of  tbe  letoit  i  oos  quickly  iamt  the  ratoit 
with  its  nonlB  in  tbe  waui ;  s  audddk  and  Tiolent  i»»iHpti«ftifwi  of  all 
the  ■team  in  the  reton  wiU  tuke  plac^  and  tbe  omI  wato  wiU  niah  into 
the  retort  and  will  comj^et^r  tiU  it. 

Th4  Latmt  Beat  of  SUam. 

74.  Fig.  103  Tqnaoita  an  ap|>aratiu  foi  geaoatjng  and  ctwdnnwng 
steam,  lo  m  to  enable  na  to  ascotain  the  amount  of  its  latent  heat.  A 
is  a  copper  boiler :  a  A  the  Meam  pipe 
lending  into  a  renel  b  containing  water ; 
the  Bleam,  M  it  enten  the  cold  water,  is 
initantly  condoued,  and  imparta  Us  la- 
lent  heat  to  the  waCa-  in  the  ihhiiI  until 
it  reachea  the  boiling  point.  Let  6^  oi. 
of  wala  at  32°  be  plaoed  in  the  t^kI  b, 
and  let  the  piocCBHa  at  otndenaatiaB  go 
onuntathewanriarmwdtothetem.  ^,102. 

petature  of  312° ;  then  it  will  be  finud 

that  there  are  6^  oe.  of  wits  m  the  t^k)  b;  tbat  i«  to  ny,  the  ooa- 
deruation  of  I  oz.  of  ttenm  lun  taiaal  6i  (a.  ot  watv  tnm  tbe  tempo- 
atureof  33»tothatQf  3120.  Henoe  it  foUowt  that  the  Utent  h<«  of  » 
given  portion  of  ateam  ii  capable  of  rvisiiig  G)  times  ita  weigbt  of  water 
1S0°,  and  dwrdbie  it  wiU  laiae  an  equal  weiglit  of  wata  S^  timea  ISO", 
'a  nmnd  auadia^  IMO*.    'Rbb  wariha;  Ifcia  Jhi,  iqne- 


•Mtw  Are>  0/  Steam. 

73.  When  Steam  Is  generated  in  a  dose  vessel,  like  the 
boiler  of  a  steam  engine,  aa  the  temperature  of  the  water  is 
raiaed,  eo  the  AhisH^  and  pra«(ir«  ef  tilie  steam  b  raised  ac- 
cordingly. 

Fig.  103  tepnaents  an  appantua  f  asestwning  th«  law  of  rsUtitni 
between  the  tempemtuic  and  jreHuie  of  ataam.  B  ii  the  bculn  partly 
mied  with  wate- ;  L  the  heat  applied  to  it ;  A  B  a  baromettr  tube,  open 
at  both  ends,  dippng  into  a  ponion  of  mercuiy  at  the  lower  part  of  the 
btnler  ;  T  a  thermometer  with  ita  bulb  iowtted  in  the  Ream  ;  C  a  rtop 
code,  which  may  be  closed  or  opened  at  pleeatiR.  Now,  when  the  ten^ 
peratuieof  theMEamitraiaed  abore  the  boiUog  point,  (313°,)  thentgr- 
cury  ritea  in  the  barometer  tube  A,  and  the  height  of  ibe  menury  and 
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the  temperatnre,  aa  iiuHcatcd  by  the  tliGrminii- 
eter,  bemg  obEcrved  at  the  same  initant,  givw 
lu  the  meoiu  of  determiiuiig  the  lelation  be- 
tweoi  the  pnwun  tmd  t«)iipcratui«  Of  tbe 
■teBiD.  When  the  M««iii  isnia  fiom  the  cock 
C,  the  matvTj  in  the  tube  A  B  is  at  the  same 
lerel  as  the  loeieurT  in  the  boiler,  and  thin 
the  [ocsBUTe  of  the  Beam  u  the  aoine  u  that  of 
the  atmoaphoe,  which  weestiinAte  at  a  ■»'l"">n 
cf  30  inehea  of  atocuiy  i  w^  the  stop  oodt 
b  dosed,  and  the  mercuij  in  the  tube  A  B 
lifie^  we  must  add  thia  column  of  meniuiy  to 
the  30  indies  fat  the  total  cotninn,  balancing  the 
premue  of  the  steam  in  the  boiki.  Thtu,  far 
examples  whes  the  terDperatoie  i>  213°,  the 
mercury  in  the  tube  A  iriJl  stand  nt  the 
hci^t  of  16  inche*  above  the  level  of  the 
meMury  in  the  boiler,  that  it  to  aay,  the  ^m- 
(ore  of  the  steam  in  the  boiler  will  be  mema- 
vted  by  ■  ■"l""*"  of  mercury  equal  to  4A 
iarhca.  or,  in  other  virris,  ttie  presure  of  the 
eteam  at  232''  will  be  1  j  tiuu»  the  jrvmarr 
of  the  atmosphere,  or  equal  to  about  2'ii  lbs. 
per  square  inch.  Expcrinjentol  tablea  have 
been  oonstmeted,  giving  the  rdatioo  of  the 
and  p^Mure  of  eteam. 
I  mmple  jnccn  of  apparatus  hare 
been  conitructed  to  illusttatC  the  expansive  n^,  ^qj, 

farce  of  fteam  genosted  under  high  presmre. 

Kg.  104  alMnn  bow  the  expanave  fi«ce  of  a  jet  of  ateem  iannng  fron 
the  ppe  a  A,  and  imi^nging  npon  the  vanee  of  a  whad  W,  ia  c^Mlde  ef 
imparting  •  rotating  motion  to  the  wheel. 
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_Fiff.  106. 


Fig.  106. 


Tig.  lOSihowibowtbeTeactionof  the  iteam,  issuing  &om  the  nonlei 
b  bbi,  gnet  ft  iMati»7  motiim  to  the  gkbe  A. 

Fig.  lOS  dHnra  bow  a  jet  of  it£aia,  pngectad  on  the  Same  6,  may  be 
used  u  a  blast  f<H'  a  blowpipe. 

Dalton  used  the  Tomcellian  tube  to  estimate  the  espanii*e  force  of 
steam,  at  lempcraturei  bdow  the  boiUng  point  of 
water.  He  filled  the  TariccUian  tube  b  d  with 
mercm?,  and  inverted  it  in  the  mm.'ury  coutuiied 
in  the  ve«el  A ;  he  then  introduced  into  the  tube 
a  nmall  quBntil]"  of  the  liquid  whose  vapoi  he 
wi&hed  to  examine.  Thit  liquid  rises  to  the  top  of 
Ihe  mercury,  and  occupcs  a  portion  of  the  vacuum 
Hpace  ;  it  there  givea  aS  its  vapor,  which  causis  the 
meicuiy  ta  Eiiik  in  Ihe  tube,  and  to  stand  at  a  height 
m  cntTsponding  to  the  elasticity  of  this  vapor, 
which  is  dependent  upnn  iis  heat.  This  teduccion 
of  the  column  of  mercury  gives  the  column  of  mer- 
cury due  to  the  pressure  of  the  vapor  at  the  partic- 
ular temperature.  In  order  to  very  the  tempera- 
ture at  pleasure,  he  surrounded  the  upper  port  of  ' 
tlie  Torricellian  tube  with  a  wide  glass  tube  c,  and 
tilled  it  with  water,  in  which  he  placed  a  thcrmom- 
rtcr.  Ue  then  heated  this  water,  which  cauaed  the 
mercury  to  descend  in  the  tube,  and  occupy  a  pon- 
tinn  coiTEspondtng  To  the  eUiticity  of  Ihe  vapor  in 
the  upper  portion ;  by  noting  the  tEmperatuie  and  ^^T^y  kJ'Tm 
the  heiaht  of  the  mercury  nt  the  same  instant,  he  •     'S- 

was  enabled  to  give  the  relation  between  the  tonpaature  of  tl 
and  its  elastic  pnHure. 


C   3 


*!^ 


I® 
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EVAPORATIOK. 

76.  TIm  leading  Iftwa  and  efiWcts  of  evapentioit  have  been 
explained.  Ttie  following  experiments  and  «xposht»ns  aie 
intended  to  place  the  eubject  in  a  more  prominent  and  ecien- 
tiSc  point  of  Ughl- 

Sg).  1.  n^attrfiteait  bf  tiaparaiiaiL,  — a  a  it  a  ^aM  tbs^  wntaia- 
ing  sUong  nilphuiic  Mai,  ortt  wtut^  a 
pbced  a  tripod  stand.  «iipy«tiiig  a  ]»• 
rtnu  cup  c  c  of  earthen  wuc,  Sllcd  with 
cold  water  :  the  whole  ia  placed  under  a 
glais  bcU  dd,  oa  the  plate  of  a  good  air 
pump.  Whrai  the  airia  ealkaiiated  froea 
the  reccdrer,  the  irat«  ia  the  ctip  be-  < 
cornea  greduallj   csBvoMd    into    ioo.  Fig.  lOB. 

Here  the  exliaDation  «f  tbe  alrcauioi  the 
GVBporaticn  of  the  water  U  go  on  irith  incnsaed  ra^ad- 
itf ;  at  the  tame  tiaie,  the  Mlpliiidc  add  abxWlB  tiiia 
vapor  aa  it  is  b^g  formed :  (he  xtpA  eraporatton  6an 
the  Burbce  td  the  water  produces  a  cold  sufflcicnt  to 

£i^  2.   Mtrairy/ro:tniy«V€^Krathit,  —  Qisimer-^ 
«i»ul  thmMiaetfc  and  W  a  spint-of-wine  one,  flzad 
fide  b;  side ;  a  a  ii  a  glass  vessel  placed  about  three 
inclMB  bdkiw  tfae  hilla  of  the  tharoonicteia,  wbidi  bi« 
Tnafped  irith  eottou  catursted  w^  rectified  aulphutic 
ether :  the  whale  m  placed  undo'  a  lecciTer ;  p,  on  A* 
plate  of  an  air  yiip-    When  the  air  is  txhauded  ttve,       p^,  no, 
tb«  rpceiver.  the  celd  produced  bj  tite  tapA  erapootion 
of  the  ether  will  cauae  the  mereorjr  w  beoome  nUd ;  tiie  Htopetatare  at 
vhich  this  takai  pkee,  ai  indicated  ^  the  qpiril-cF-wine  tfaamomcta'. 
is  about  40C  below  a«ca. 

The  ayaphwiu  w^  invented  by  Wrilaaton,  fee  freering  water  by  ita 
own  cvajtoratiBB  i  it  oonsuta  of  a  glae  tube  A  fi  (aee  fig.  Ill)  termi- 
nated vitli  two  bulbs  C  and   J>,  on 
iJiort  branches  bait  at  right  angiea  to 
il>    A  portion  ri  water  a  intaoduoed 
llwou^  ■  btlle  tube  O  at  the  boCtom   • 
of  Hie  buib  D.     Iliii  outer  ii  then 
htited  lin  C  HntU  all  the  sir  i>  blown  "-*'■  "'' 

out,  and  the  whole  interior  qiacc  is  filled  with  steam  j  the  tube  O  it 
Ibai  closed  by  melting  iu  tine  eilrranit;  in  the  Same  of  a  blowinpe. 
^V}Kn  litt  inMnimwil  hat  beoone  oool,  the  enctoeed  water  it  thai  rut- 
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rounded  by  iti  own  vapor  raised  in  a  vacuum.  Having  described  the 
instrument,  let  us  now  see  how  it  is  used.  Plunge  the  empty  bulb 
D  into  ^  freezing  mixture  of  snow  and  salt,  and  the  water  in  the 
other  bulb  will  speedily  be  turned  into  ice.  Here  the  cold  x>roduced 
by  the  freezing  mixture  is  constantly  condensing  the  aqueous  vapor  in 
the  bulb  D ;  and  as  there  is  no  air  in  the  tube,  more 
and  more  vapor  is  continually  rising  from  the  w^ater 
in  the  other  bulb,  and  this  goes  on  until  so  much 
heat  is  abstracted  from  the  water  by  the  evaporatioa 
that  it  freezes. 

Fig.  1 12  represents  another  ibnn  of  this  instru- 
ment, where  sulphuric  ether  is  substituted  for  the 
fi^eiing  mixture,  d  is  the  bulb  containing  the  water 
which  is  to  be  frozen ;  e  the  empty  bulb  wrapped 
round  with  some  cotton  moistened  with  ether;  to 
hasten  the  evaporation  of  the  ether,  air  is  blown 
from  a  pair  of  bellows  upon  the  bulb  e.  The  experi- 
ment may  be  performed  more  quickly  by  endosing  e 
in  the  exhausted  receiver  a  6  a  of  an  air  pump. 


n^.  112. 


Moisture  in  the  Air^  —  Hygrometere, 

77.  The  instruments  used  to  measure  the  moisture  of  the  air  are 
called  hygrometers. 

Sauu%are*»  hair  hyfframeUr.  —  The  mode  of  action  of  this 
instrument  depends  on  the  fiu*t,  that  substances  like  hair 
readily  imbibe  moisture  from  a  damp  atmosphere,  and,  on 
doing  BO,  swdl  out  in  thickneiw,  but  contract  in  length. 
This  instrument  is  represented  in  Fig.  113.  A  B  is  a  hu- 
man hair,  about  one  foot  long,  (freed  from  all  grease  by 
boiling  it  in  a  weak  solution  of  soda  or  potassa ;)  one  end 
of  it  is  fr»tened  to  a  hook  at  B,  and  the  other  is  passed  over 
a  fixed  pulley  P,  and  is  stndned  tight  by  means  of  •  smaU 
weight  W.  The  contraction  and  expansion  of  this  hair 
give  motion  to  an  index  pointer  C,  which  moves  over  the  Hg^  118. 
face  of  the  graduated  arc  a.  The  two  extreme  points  of 
this  scale  are,  where  the  index  pointer  stands  in  a  perfectly  dry  atmos- 
phere, and  where  it  stands  in  an  atmosphere  saturated  with  moistuie. 
The  former  point  is  marked  0,  or  zero,  and  the  latter  is  usually  marked 
100 ;  and  the  intervening  arc  is  divided  into  100  equal  partly  each  part 
being  called  a  degree.  The  zero  point  is  obtained  by  enclosing  the  in- 
strument in  a  glass  bell,  from  which  the  aqueous  vapor  is  withdrawn  by 
means  of  dry  chloride  of  calciimi,  or  strong  sulphuric  acid :  the  point 
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of  gnatnt  Inrntldity  ia  detcnnined  by  pladng  the  mttnunent  in  b  gUi* 
bell  itaiiduig  OTBT  water.  It  miut  be  obaaved,  however,  that  the  dt^nw 
of  humidity  thown  by  Ihis  inAOumait  aitr  not  txatily  ia  pnrportioa  tx> 
the  humidity  fintjig  in  the  air :  indeed,  it  a  exceedingly  difficult  to 
mike  a  petftct  hygiometrical  iiutiumeDt. 

1^  expoimoit  explained  at  page  1B4  giTea  a  nmple  and  tolerably 
accujAte  method  of  detecmimng  tha  dmD  point  of  the  atmoapb^e  at  any 
time. 

7»*  mtrcuriid  hygroaiettr.  —A  good  inWrument  of  this  kind  ii  rcp- 
iramted  io  Rg.  11*.    A  ond  B  are  two  ocdinary  mercu- 
rial thermometen  placed  by  the  aido  of  each  other ;  the 
bulb  A  ii  aurrounded  with  mualin,  which  i*  kept  in  a 
damp  state  by  means  of  a  cottcn  thread  Mtoehed  to  it, 
the  other  end  of  the  thread  being  placed  in  a  cup  W  of 
^stilled  water ;  the  other  bulb  B  ia  kept  dry.    Now,  as 
the  natci  evaporates  &Dm  the  muslin,  the  mercury  in 
the  thermometer  A  falla  ;  and  the  diier  the  aumnmding 
air  at  the  time,  the  more  rapid  ii  the  dcacent  of  the  mer- 
cury i  and  when  the  air  about  the  bulb  A  bonimea  »tu- 
tated  with  miHsture,  the  mercuiy  in  the  tube  becomea 
Mationary,  and  the  pi^t  at  which  it  aonda  will  be  the 
dew  pmnt  of  the  air  at  that  time.    The  gnata  the  i£f-       f^,  114. 
fctence  betweoi  the  two  theimometera,  the  greato'  will 
be  the  dryneaa  of  the  air.    When  the  damp  tbermmneler  A  imli'irtfa  no 
docroaBG  of  temperature,  then  the  aurrounding  tax  at  that  momoit  will 
be  aaturatad  with  m 
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78.  When  the  earface  of  the  earth  has  become  heated,  it 
imports  its  heat  by  ndiation  to  th«  Borrroaniiing  air  ;  daring 
the  day,  therefore,  the  lower  strata  of  ^e  aUnosf^iere  are 
wanner  than  the  upper  But  a  change  takes  place  after  sun- 
set. The  surface  of  the  earth  still  goes  on  radiating  its  heat ; 
bat  it  DOW  receives  no  heat  in  exchange,  so  that  its  tempera- 
ture at  lei^li  falls  below 4biit  of  the  air.  Now,  the  air  imme- 
diately in  contact  with  the  cold  anrJace  of  the  earth  becomes 
cooled  down,  and,  if  Iho  temperature  blls  to  the  dew  point  of 
the  air,  then  the  vapors  in  it  are  condensed  on  the  surface  of 
the  plants,  or  tho  soil,  in  the  form  of  small  drops  or  dew,  just 
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in  the  same  my  a»  (lie  cold  tttmUer  beauDM  covered  with 
moisture  in  a  warm  room.  If  the  ttinpentture  of  the  earth's 
surface  sinks  U>  the  freeiing  point,  the  moistnre  is  d^oeited  in 
the  dam  of  hoarfrost. 

The  sor&ee  of  the  earth  rafales  most  h«at  when  tbe  sky 
is  clear  and  aefene ;  but  it  ia  espedallj  obstructed  by  ttoada, 
wbicb,  like  a  screen,  radiate  back  to  the  earth  the  heat  wbidi 
they  receive  froia  it.  Hence  it  is,  that  etear,  dotuBeu  n^hti 
art  most  fmoraile  for  the  fitrmaiion  of  deto. 

To  arrest  the  radiation  of  heat  fivm  the  earth,  the  gardener 
covers  his  tender  plants  with  matting  or  straw. 

Winds  and  monntains  are  the  ff^M  caaaea  of  rain.  When 
a  warm  air,  neariy  satnrated  with  nx»stnre,  is  mixed  wiA 
cold  air,  moisture  is  always  precipitated,  and  becomes  vifible 
to  us,  assuming  either  the  form  of  clouds  or  rain. 

BappatB  a  vnm  ni  Is  be  diiT«  bj  a  wind  iai»«di  a  «'™™*-"  M ; 
wbm  tbe  air  Mnkoi  tbe  liopatg  Me  of  Hb  ■iimntMa.  it  tiatt,  aa  tlw 
princqileaf  tbe iMdutian  of  notko,  audit  iaoorisdonr  At mmintain 


i^.  115. 

top ;  b7  this  mEooa  the  sir  is  earned  from  a  wana  to  a  cold  ngkn ;  its 
iDCUEtuTc,  thaefbre,  is  predpitated,  and  tmamm  either  the  fbrm  of 
rknudi  or  rain,  or,  it  ntsj  be^  when  the  aid  ii  yaj  gi'eit,  that  of  tntnr 
Oitat  tin  in  ramntain  ranges. 
IB  also  ficquond;  Mnct  the  douds  towaida  limn,  and  thus 

The  two  great  processes  of  evaporation  and  eondetuation 
are  the  means  whereby  the  vegetation  <^  the  earth  is  coaltD- 
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nallj  supplied  with  moisture  from  the  great  reservoir  of 
waters — the  ocean  —  which  covers  the  larger  portion  of  the 
globe. 

PhiloBoplien  have  found  it  dif&cult*to  account  for  the  suspensioa  of 
the  poticlfiB  of  moistuie  in  the  doudk  It  is  generally  believed  that  the 
mfliflture  in  the  clouds  aasumes  the  form  of  vesideB  of  watery  vapor,  or 
little  hooyant  air  bubbles,  wbich,  bong  in  the  same  electrical  state  as 
the  stratum  of  air  immeftately  below  them,  not  only  repel  one  another, 
but  are,  at  the  same  time,  repdled  by  the  air  beneath ;  and  thus  they  are 
supported  in  opposition  to  the  fbroe  of  gravity.  Query,  May  not  these 
vesicles  be  supported  in  the  same  way  as  a  little  sewing  needle  is  sup- 
ported upon  the  sur&ce  of  water  ? 

18 
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ELECTRICITY- 


PRELIMINARY  VIEWS   AND  EtPEROfENTS. 

1.  'What  is  electricity?  It  is  a  subtile  fluid  which  per- 
vades all  nature,  and  which  becomes  known  to  us  bj  its  pecu- 
liar properties,  or  by  the  way  in  which  it  affects  our  senses. 
Lightning  is  electricity;  in  the  thunder  storm  nature  gener- 
ates tlie  electric  fluid  on  a  mighty  scale.  Electrteity  is  most 
easily  generated  by  friction ;  or,  to  speak  more  definitely,  it 
ifl  rendered  apparent  to  our  senses  when  certain  bodies  are 
rubbed  against  each  other.  Electricity  appears  to  exist  in 
all  bodies,  in  a  latent  or  hidden  state ;  but  friction  and  other 
causes  disturb  this  state  of  quiescence  or  inactivity.  There 
are  various  means  of  generating  electricity  besides  friction,  — 
for  instance,  heat,  chemical  action,  or  pressure  will  generate  it, 
—  but  we  purpose  first  to  show  its  various  properties  when  it 
is  generated  by  friction. 

EASY  COURSE   OF  EXPERIMENTS,  WITH   SIMPLE  PRINCirLES 

DERIVED   FROM  THEM. 

2.  The  following  electrical  ezperimeats  may  all  be  peifonned  by  any 
intelligent  person,  with  no  other  apparatus  than  what  may  be  obtained 
in  any  ordinary  dwelling  house.  All  the  experiments  here  described 
have  been  repeatedly  performed  by  the  author  with  invariable  soccess. 
Many  of  them,  he  believes,  are  new  and  simple,  and  highly  calculated 
to  interest  young  persons,  fitnn  the  very  fact  that  they  have  it  in  their 
power  to  repeat  the  experiments  at' any  time  they  may  wish  to  do  so. 

Bodies  which  are  electrified,  or  which  contain  free  electri- 
city, attract  and  repel  light  substances ;  and  when  the  elec- 
tricity is  generated  in  a  sufficient  4K^tity,  luminous  sparks, 
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acoompanied  by  a  sharp,  cracking  noise,  pass  from  the  electri- 
fied bodj  to  any  body  which  is  not  electrified. 

These  fundamental  f$ct»  of  electricity  are  illustrated  by  the  following 


Eip,  1.  Rub  a  stick  of  stealing  wax»  or  a  dry 
glass  tube,  with  a  warm  piece  of  flannel  or  silk : 
electricity  is  generated.  Hold  the  excited  stick 
of  sealing  wax  over  some  cuttings  of  light  paper, 
or  any  other  Hght  substances :  the  bits  of  paper 
will  be  attracted  by  the  seaUng  was,  and  will 
sometimes  fly  and  dance  up  and  down. 

Bring  the  excited  sealing  wax  before  jrour 
eyes :  a  sensation  is  filt  as  if  spiders*  webs  were 
drawn  oorass  your  &ce. 

Bring  the  sealing  wax  under  your  nose :  you 
feel  a  faint  smell  like  phosphorus. 

Suspend  a  feather  or  a  Httle  cork  ball  by  asift 
thread,  as  shown  in  Fig.  2 ;  bring  the  excited 
sealing  wax  near  the  little  ball :  it  is  first  at- 
tracted, and  then  it  is  repelled. 


Fiy.  1. 


Fig>  2. 


Those  substances  which  readily  yield  electricity  by  friction 
have  been  called  eleetr%c$.  But  it  has  recently  been  found 
that  all  substances  possess  this  property  in  a  greater  or  less 
degree. 


Exp*  2.  Suspend  two  featheis  (or  two  light 
coik  balls)  by  silk  threads,  as  shown  in  Fig.  3 ; 
faring  the  excited  sealing  wax  near  the  feathers : 
they  are  first  attracted  to  the  sealing  wax,  and 
than  they  are  repelled  from  it ;  and  they  will 
flJiaBy  be  found  to  diverge  or  fly  from  each  other, 
as  shown  in  the  figure. 

Here  It  win  be  obserred  tiiat  the  electrified 
body^fiist  attracts  the  feathers;  and  then,  when 
they  become  electrified,  in  the  same  way  as  the 
Sealing  wax,  they  are  tcpdled  by  it,  and  mu- 
tually repel  each  other. 

*  Exp*  3.  Bring  the  excited  stick  of  stealing  wax  near  a  Ught,  downy 
feather,  floating  in  the  air :  the  feather  will  first  be  attracted  to  the  seal- 
ing wax,  and  then'  repelled  from  it     As  the  sealing  wax  is  nored 
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towards  Um  feather,  it  will  contixuie  ^ 
to  fly  away.  In  this  iii*ay  the  feather 
may  be  driTen  about  the  room.  If 
the  feather  should  touch  any  body  not 
dectrified,  it  will  fly  back  to  the  seal- 
ing wax  again.  Or  if  an  excited  glass 
tube  be  famight  near  the  feather,  it 
will  be  attracted. 

lieie  the  excited  sealing  wax  fint  ^' 

attracts  the  feather ;  and  then,  when  the  feather  beeomei  deetrifted  m 
the  same  way  as  the  sealing  wax,  it  is  repelled. 

Exp,  4.  Take  up  a  black  cat,  which  has  been  lying  before  the  fire ; 
hold  it  by  the  throat  with  one  hand,  and  with  the  other  hand  rub  it 
smartly  along  the  back :  electricity  will  be  genentted ;  the  hair  will  be- 
come so  excited  and  charged  with  the  dectrical  fluid  that  a  feint  sho^ 
may  sometimes  be  felt,  and  a  successioii  of  sparks  may  be  aces,  if  the 
experunent  is  perfonned  in  the  dark. 

Exp,  5,  Take  two  strips  of  brown  paper, 
about  9  inches  long  and  3  inches  .wide ; 
warm  them,  and  hold  them  by  the  finger 
and  thumb  of  the  left  hand;  rub  them 
briskly,  by  insertmg  the  fore  finger  of  the 
right  hand  between  tliem,  and  then  draw- 
ing it  shax|ily  feom  end  to  end :  the  strips 
of  paper  win  be  powerfully  dectriiled,  and 
will  direrge  feom  each  other,  as  dKiwn  in 
Big.  5.  They  repd  each  other  because  they 
are  electrified  in  the  same  way. 

Bring  the  hand  between  them  when  thus  repdM,  and  they  wiU  both 
be  attracted  by  the  hand. 

Exp,  6.  Lay  the  two  strips  of  brown  paper,  the  one  orer  the  others 
on  a  smooth  table;  rub  them  with  the  hand,  or,  what  is  still  betta,  draw 
the  edge  «f  an  hrory  rule  or  scale  over  them  for  a  few  times ;  lift  than 
from  the  table,  and  then  sqnrate  them  from  each  other :  they  will  attraot 
each  other  very  powerfully. 

In  the  last  experiment,  they  repdled  eaeh  other  beeanae  thqr  were 
electrified  in  the  same  way ;  but  here  they  attract  each  other,  became 
they  are  dectrified  in  difoent  ways.  It  will  be  afterwards  shown  that, 
whilst  the  bottom  piece  of  paper  is  potUiod^  dectrified*  the  top  p&eoe  is 
negative  dectrified. 

The  two  feregoing  experiments  may  be  perfonned  with  silk  ribhon^  or 
with  strips  of  thin  dieet  gntta  perduu 

In  the  place  of  the  hand,  an  old  lur  cuH^  or  a  hare's  skin,  or  Induui 
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mlifatf)  or  a  tHCoe  of  wtmn  flsnnel,  or  on  ivory  ocale,  may  be  amploytd 
M  the  rubber. 

Exp.  7.  Take  two  pieces  of  lump  nig>r,  and  rub  tbem  togetha  i^  the 
dvk :  tbey  will  tpFear  eovend  witb  s  bematiftil  lambent  Same  of  dec- 
trie  light. 
-  Exp.  8.  Take  a  pece  of  (taut  common  brown  paper  (or  a  sheet  of 
thin  gntta  pacha)  ^nnt  a  foot  hmg  and  nine  inchea  broad ;  bold  it 
befive  the  fire  until  it  ii  quite  hot,*  lay  it  upm  the  table,  and  rub  it 
btitUy  Ibr  a  few  timea  with  the  palm  of  the  hand :  the  paper  will  be- 
come poweiftilly  dedriQed. 

(1.)  Uft  the  papv  by  one  comer  &am  the  taUe,  and  it  irHl  be  found 
that  Bcane  Jbcce  te  required  to  eepotate  the  p^a  bom  the  table. 

(2.)  Hold  tlu  electriiled  paper  aa  in  Kg.  S ;   bring  the  extended 


ftigm  of  the  right  hand  near  to  the  mrbceof  the  pap^;  itwiD.be 
atti^Md  to  the  hand,  and  electric  i^arkt,  giving  ■  mqipiiig  sound,  will 
paM  fiom  it  to  the  fingers. 

(3.)  HaIdK»iehMben,su^endedbyalk  thread,  near  to  the  excited 
pap^,  aa  shown  in  Kg.  7 ;  the  feathers  will  be  powerftilly  attracted. 

(4.)  Hcdd  the  excited  papa,  er  the  exdted  sheet  of  gutta  pooha,  aa 
the  case  may  be,  orer  the  bexd  of  a  person  having  dr;  hair,  aa  shown  in 
Tig.  S;  the  hair  will  be  powofully  attracted  by  the  pi^s,  and  each  par- 
ticular hair  irin  appear  as  if  standing  on  end. 

(fi.)  Hdd  the  exdted  paper  orcr  the  face  (  a  sensation  like  that  pH>- 
duced  by  cobwebs  spread  over  the  face  will  immediataly  be  ML 

(S.)   Perftrm  experiments  1,  3,  and  3  with  the  decbified  p^a. 

Eif~  9.  Take  two  [seces  of  stout  brown  paper,  of  the  same  tiae  aa 
that  described  iu  Exp.  S ;  sAer  heating  them,  lay  the  one  upon  the  other, 

•  Gntta  peteha  ihonld  navar  ba  haatsd. 
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and  rub  the  upper  snrfroeifith  the  peha  of  the  hand;  tear  the  two  sheeti 
of  paper  frotm  the  table ;  they  will  adhere  firmly  together.  A  crackling 
sound  will  be  heard,  upon  separating  them  from  each  other;  and  upon 


being  bioaghl  near  to  each  other»  they  ivill  mutnally  attract  eadi  other, 
and  will  again  adhere  to  each  other.  If  they  are  separated  from  each 
other  in  the  dark,  an  electzic  flash  will  be  distinctly  observed. 

jEap.  10.  Hold  the  excited  paper  near  to  the  wall  of  the  room :  the 
paper  will  fly  to  the  wall,  and  will  remain  there  some  minutes  without 
falling. 

J5^.  ^1.  To  oUttin  a  uriet  of  electric  tparki,  —  Take  a  small  tea 
tray,  and  place  it  upon  a  dry  tumbler  glass,  as  shown  in  Fig.  9 ;  place 
the  excited  sheet  of  paper  or  gutta  percha,  described  in  Exp.  8  or  9f 
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upon  the  tet  tray ;  bring  the  knuckle  near  to  the  tea  trayi  And  un  elec- 
tric spark  will  be  recdved ;  quickly  withdraw  the  paper*  and  again  apply 
the  knuckle,  and  another  spark  will  be  receiyed ;  replace  the  paper,  and 
then  apply  the  knuckle,  and  another  spark  will  be  perodred ;  and  so  oa 
for  at  least  a  dozen  times. 


Fig.  10. 


Exp.  12.  Take  a  anall  tp&ata  of  wood*  about  9  inches  long ;  fix 
corks  to  its  extxanities;  suspend  it  from  its  middle  by  a  silk  thread ; 
bring  the  excited  stick  of  sealing  wax,  or  brown  pq^,  near  to  one  of 
the  corks :  it  will  be  attracted,  and,  by  moving  the  electrified  body  in  a 
cirde,  the  ocrk,  being  ooostantly  attracted,  will  appear  to  revolve  on  the 
thread  as  an  axis. 

Exp.  IB,  Make  a  notch  in  the  mid- 
dle c^  the  rod,  described  in  the  Isst 
experiment,  and  b^anoe  it  on  the 
edge  of  a  dinner  knife  C,  as  shown  in 
Pig.  10.  (The  bfOance  of  the  rod  is 
easily  adjusted  by  pushing  either  the 
one  cork  or  the  other  nearer  to  the 
centre  of  the  splinter.)    Bring  the 

excited  brown  paper  over  the  cork  A,  and  it  will  be  attracted ;  now 
place  the  excited  brown  paper  over  the  cork  B,  and  it  will,  in  its  turn, 
be  attracted,  and  so  on ;  thereby  giving  an  oscillating  motion  to  the  rod 
A  B  on  the  edge  C.  This  efpetiment  exhibits  electrical  attraction  in  a 
striking  manner,  being  conducted  on  a  large  scale. 

Exp.  14.  To  make  two  /orki  revolve  by  eleetrical 
oUraetion.  —  Stick  two  small  forks  A  and  B  into  a 
ooric  C,  as  shown  in  ^g.  11 ;  stick  a  sewing  nee- 
dle, m-ith  its  point  outwards,  into  the  cork ;  poise 
the  whole  on  the  point  of  the  needle  standing  on 
the  top  of  a  wine  glass  G  ;  bring  the  excited  seal- 
ing wax  or  brotiii  paper  near  one  of  the  ibrks,  and 
moke  it  revolve,  as  in  Exp.  12. 

Exp.  15.  Blow  out  a  lighted  candle  having  a 
kmg  snuff;  being  an  exdted  rod  of  seahng  wax 
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near  to  the  wick,  as  &hown  in  Fig.  12 ;  the 
smoke  is  attracted  by  the  Gealixig  wax*  and 
fiparks  of  fire  appear  to  fly  towards  it. 

Ej^.  16.  Support  a  warm  pane  of  glass 
upon  two  books,  one  at  each  end ;  place 
some  dry  bran,  ^  cuttings  of  fine  paper,  or 
light  lath  or  cork  bells,  beneath  the  ^lass,  and 
briskly  rub  the  upper  side  with  a  waim  piece 
of  flannel  or  blade  silk :  the  bran  will  donoe 
up  and  down  with  great  rapidity. 

This  experiment  was  first  made  by  Newton.  It  was  important  at  the 
time  of  its  diseorery,  inasmuch  as  it  showed,  what  was  not  known  be- 
fore, that  an  eleetrioal  body  beeams  •kct^jM  im  tkt  mde  eomirary  io 
that  uikich  tons  txdted* 


Fig,  12. 


CONDtTCTORft  AlTD  NON-CONDVCTOItS  OF  BLBCTRfCrfT. 

INSULATION. 

8.  The  metal  tea  tray  of  Exp.  11  was  placed  npon  a  glass 
tumbler,  because  glass  is  a  nonrcandui^or  of  electricity ;  and, 
ID  like  manner,  the  feathers  of  Exp.  2  were  suspended  by  silk 
threads,  becanae  dry  silk  is  a  non-conductor  of  electricity. 
If  the  feathers  bad  been  suspended  by  a  metallic  wire,  in  the 
place  of  sUk,  they  would  not  hare  direrged  from  each  other 
in  the  manner  described,  for  metals  conduct  the  electric  fluid. 

The  electric  fluid  does  not  diffuse  itself  over  the  surface  of 
a  non-conductort  but  remains  confined  strictly  to  that  portion 
of  the  surface  which  first  received  it;  thus,  when  one  end  of 
a  stick  of  sealing  wax  is  rubbed,  that  extremity  becomes  highly 
electrified,  whilst  the  other  extremity  remains  in  hs  natural 
state.  On  the  contrary,  conductors  freely  convey  the  electric 
fluid  from  one  part  of  their  surface  to  another;  and  thus  the 
electric  fluid  instantaneously  difiTuses  itself  uniformly  over  the 
whole  surface  of  the  conductor,  just  as  water  would  spread 
itself  over  a  level  surface;  All  metallic  bodies  are  excellent 
conductors ;  and  water,  wood,  &c.,  as  well  as  all  substances  in 
a  damp  state,  readily  conduct  electricity.  The  earth  is  the 
great  reservoir  and  conductor  of  electridty.  When  any  elec- 
trified bo%r  is  suspended  from  or  snpported  by  a  non-con- 
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ductor,  the  body  is  said  to  be  intulaUd.  All  non-conductors, 
therefore^  are  called  insulators.  Glass  rods,  silk  thready 
sealing  wax,  and  fine  threads  of  sealing  wax,  are  the  insula- 
tors  most  commonly  nsed  in  performing  electrical  experiments. 
All  these  sobstances  become  conductors  when  they  are  in  a 
damp  state ;  hence  the  necessity  of  having  all  our  insulators 
perfectly  dry  and  warm.  Sealing  wax  is  the  best  of  all  insu- 
lators, because  it  does  not  readily  become  ooyered  with  mois- 
ture. For  conducting  delicate  experiments,  there  is  no  insu- 
lator to  be  compared  with  a  fine  thread  of  sealing  wax  or 
gum  lac 

Bodies  differ  very  much,  as  well  in  their  ooDducting  as  in 
their  insulating  powers.  Of  all  bodies  metals  are  the  best 
conductor^  and  resinous  bodies  are  the  best  insulators  or  non- 
conductors. The  bodies  in  the  fiillowing  list  possess  these 
powersi  m  the  order  in  which  they  are  named. 


C^asai/ioation   qf  Conduehn    oc- 
conUfiff  to. their  oanductmg  power. 

1.  All  the  metals. 

2.  ChanxMd. 

3.  Plumbago. 

4.  Acid». 

5.  Metallic  ores. 

6.  Animal  fluids. 

7.  Water,  and  all  dampflubstancea 

8.  Ibe  above  ld9  Fahrenheit. 

9.  Snow. 

10.  Lhring  anfflHala  and  regetablsii 

11.  Flame,  8mokc»  and  steam. 

12.  Soluble  salts. 

13.  Rarefied  air. 

14.  Vapors  of  ether  end  alcohoL 

15.  Pamp  earth  and  stones. 

16.  Powdered  gfem. 

17.  Flowen  of  sulphur. 


Oiaae^^lcatwn  of  JrmUaiore  accord-' 
mg  to  their  inauliUing  power. 

1.  Gum  lac,  gutta  petcha. 

2.  Amber. 

3.  Basins^  sulphur,  wax,  jet 

4.  Glass,  and  all  Titriiactions. 

5.  Mica. 

a.  Biamond,  transparent  Rema. 
7.  Raw  sOk,  UeKhed  ailk,  dyed 

sOk. 
.  ttoqi,  nair,  gatnerau 
9.  Dry  paper. 
10.  Pardunent,  leather. 
U.  Atmoapheric  lar,  when  dry. 

12.  An  dry  gases. 

13.  Baked  wood. 

14.  Povodini  and  dry  marble. 

15.  Campbor,  Indian  rubber. 

16.  Lycc^)odium. 

17.  Dry  chalk,  lime,  phosphorus 

18.  Ice  bek>w  IZ^  Fahrenheit. 

19.  Many  dry,  transparent  crystals. 

20.  OiK  dry  oxides  of  metals. 
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Conducting  substances  were,  at  one  time,  called  non^ke* 
tries,  and  non-conductors  were  called  electrics ;  but  the  dis- 
tinction is  not  founded  on  fact,  because  conducting  substances, 
when  insulated,  will  yield  electricity  by  friction ;  and  besides, 
the  capacity  of  a  substance  for  yielding  electricity  by  friction 
does  not  seem  to  depend  upon  the'  insulating  dr  non^conduct'^ 
ing  power  of  the  substance. 

Tlie  atmosphere  manifestly  belongs  to  the  class  of  non- 
conductors ;  if  this  had  not  been  the  case,  no  electrified  body 
could  have  retained  its  electricity  for  any  length  of  time. 
When  air  becomes  rarefied,  it  loses  its  insulating  property ; 
thus,  an  electrified  body  soon  loses  its  electricity  when  placed 
in  the  exhausted  receiver  of  an  air  pump.  The  electric  fluid 
spreads  itself  in  a  thin  ooating  over  the  surface  of  the  electri- 
fied body,  and  it  is  prevented  from  escaping  by  the  pressure  or 
tensioD  of  the  surrounding  air ;  when  this  pressure  is  reduced 
beyond  a  certain  degree,  the  electricity  escapes  from  the  sur- 
fooe. 

ELECTROSCOPES. 

4.  Electroscopes  are  instruments  used  for  detecting  the 
presence  of  electricity  in  bodies ;  such  >is  the  suspended  pith 
balls  represented  in  Fig.  3. 

By  means  of  an  electroaoope  we  can 
readily  show  that  theare  are  two  kinds 
of  electricity ;  the  one  being  called  po9^ 
itive  electricity,  and  the  other  negaitive 
electricity.  There  are  various  eleetro- 
scopes,  but  the  following  one  is  eaaay 
made,  and  is  quite  delicate  enoufh  for 
all  ordinary  electrical  experiments. 

To    make    a   simple    electroaoope. — 
Take  a  nanow  strip  of  tin  foil ;  mdt  t| 
the  end  of  a  Stick  of  fleaHng  wax ;  at- 
tach it  to  one  end  of  the  tin  foil,  and 
draw  the  wax  out  into  a  fine  thread,  as 
shown  in  Fig.  13,  where  T  represents 
the  tin  fiMl,  and  W  the  sealing  wax;  place  the  stick  of  sealing  wax  on 
the  mantel  shdf  M,  and  you  will  have  oonstnicted  a  very  uaeftil  eleo- 


w 


Fiff.  18. 
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tRMOope,  with  which  the  fitOowing  damonatiilive  eipwimwita  maybe 
tuoeeKftiliy  perfianned. 

5.  There  are  two  kinds  of  electridly. 

Make  two  simple  electroscopes  ;  excite  a  stick  of  sealing 
wax,  and  also  a  dry  glass  tube ;  the  electricity  of  the  sealing 
wax,  which  is  said  to  be  negativey  will  be  different  from  the 
electricity  of  the  glass,  which  is  said  to  hepotitive^  as  may  be 
sl^own  by  the  following  experiments  :-^ 

Exp,  1,  Toach  the  strips  of  tin  foil  with  the  excited  glass  tube,  bring 
them  near  to  each  other,  and  they  will  fly  from  each  other,  as  shown  in 
Noti  1»  Fig.  14.    Here  the  bodies  repdl  each  other,  because  they  are  deo- 


No.1.  No.  2.  Ko.8. 


Fiff.  14. 

trifled  in  the  same  way;  that  is  to  say,  they  are  MA  in  a  state  of  jMitJMw 
atphUf  -f-v  dectricity. 

£^.  2.  Peifonn  the  same  experiment  with  the  excited  sealing  wax, 
and  the  strips  of  tin  foil  will  repel  each  other,  as  shown  in  No.  8,  Fig. 
14.  Here  Uie  bodies  are  both  in  a  state  of  neffoHte  or  mtmit,  — ,  elec- 
tricity. 

JBsqt,  8.  Touch  one  of  the  strips  of  tin  foil  with  the  excited  glass 
tube^  and  touch  the  other  strip  with  the  excited  stick  of  sealing  wax ; 
bring  the  straps  thus  electrifled  near  each  other ;  they  will  be  powcrfliUy 
attracted  to  each  other,  as  shown  in  No.  2,  Fig.  14,  ther^  pnmng 
that  the  dectridty  generated  by  the  friction  of  glass  is  diflerent  from 
the  dectricity  generated  by  the  friction  of  sealing  wax. 

These  experiments  may  be  readily  performed  with  one  electroscope  in 
the  following  manner :  — 

Ea^p.  4.  Bring  the  excited  stick  of  sealing  wax  near  the  strip  of  tin 
faH ;  it  will  be  first  attracted,  and  then  it  will  remain  permanently  xc- 
pdled.  Any  other  excited  stick  of  sealing  wax,  or  any  excited  resinous 
substance^  will  repd  the  electrified  strip.  Now  bring  an  excited  glass 
tube  near  to  the  electrified  tin  foil ;  it  will  be  instantly  attracted. 

Ytota  these  experiments  we  derire  the  following  law,-  relative  to  the 
two  kinds  of  electricity:— 
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Bodies  electrifled  is  the  same  way  repel  one  another; 
bodies  electrified  in  differeDt  ways  attract  one  another.  Or 
we  may  express  this  law  by  simply  stating,  that  like  electrid- 
ties  repel,  and  unlike  attract. 

By  this  law  of  electrical  polarity  we  may  easily  ascertain 
.to  which  kind  of  electricity  any  excited  body  belongs. 

Exp.  1.  Suppose  we  wish  to  know  whether  the  excited  brown  paper 
of  Exp.  6f  p.  208,  IB  positive  or  negatiTe. 

Touch  the  strip  of  tin  foUT»  (Pig.  1S»)  with  ia  ezeited  stidi  of  seaSay 
wax,  and  the  tin  ibil  will  be  Begativaly  olectxified :  now  bring  tiie  ex- 
cited brown  paper  near  to  the  strip  of  tin  Ibil ;  it  is  lepeUed;  Uierefora 
the  paper  is  electrified  in  the  same  nwanev  as  the  sealing  wax ;  that  is,  it 
is  in  a  state  of  negative  electricity. 

Or  we  may  proceed  as  follows :  Touch  the  tin  fial  of  the  dectroseope 
with  an  excited  glass  tube ;  bring  the  exeited  p^^ex  near  to  the  tin  Ibil ; 
it  is  instantly  attracted,  thereby  showing  that  the  electricity  of  the  ex- 
cited paper  is  unlike  the  electricity  of  the  excited  glass;  that  is,  the  elec- 
tricity of  the  paper  is  negative. 

Exp,  2.  Pcrfonn  the  same  experiment  with  exdted  sulphur.  It  wiB 
be  found  to  possess  negative  electricity. 

Exp,  3.  Hub  a  glass  tube  with  a  black  cafs  akin ;  test  the  electricity 
of  the  glass ;. it  will  be  found  to  be  negative,  ther^  showing  that  the 
fame  substance  may  be  positively  or  negetively  electrified,  aoootding  to 
the  nature  of  the  rubber. 

Exp,  4.  Test  the  electricities  of  the  two  sheets  of  brown  paper  of 
Exp.  6,  p.  20S ;  the  upper  sheet  will  be  negative,  while  the  bottom  sheet 
ii-ill  be  positive. 

After  separating  the  sheets  of  brown  paper,  place  them  on  opposite 
sides  of  the  tin  foil ;  it  will  fly  with  great  rapidi^  backwards  and  for- 
wards from  the  one  sheet  of  paper  to  the  other. 

Exp,  6,  Hold  an  excited  stick  of  sealing  wax  «nd  m  exoitod  glass 
rod  near  to  the  tin  foil  of  the  eloctrosoope;  the  tin  foil  will  fly  backwaida 
aod  forwards  from  the  one  to  the  other.  Perfbtm  the  ■««<»  experiment 
ynXh  the  flying  feather  of  Exp.  8,  p.  207. 

C.  Electridty  remains  on  the  surface  of  a  non-oonductop 
when  it  is  electrified ;  that  is  to  snv,  the  electrified  flirid  does 
not  pass  from  one  part  of  the  stirface  to  another  part. 

Experiment,  .Excite  the  whole  surfaco  of  a  piece  of  scaling  wax  with 
dry  silk ;  run  the  fbre  finger  down  one  side  of  the  excited  sealing  was; 
touch  the  tin  finl  of  the  electroscope  with  that  side  of  the  seahng  wax 
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fiem  which  the  electricity  has  not  been  taken  away,  then  the  tin  foil  will 
be  rqpelled ;  turn  the  sealing  wax  zound,  then  the  tin  foil  will  lio  longer 
be  repdled.  Here  it  will  be  aeea  that  the  deetricity  does  not  spread 
itself  from  one  side  of  the  sealing  wax  to  the  other  side. 

?•  The  eleefcrioHy  of  the  robber  is  different  from  the  elec- 
tricitj  of  the  body  which  is  robbed. 

Bxp*  1.  Lay  a  piece  of  dry  silk  upon  the  table,  and  rub  it  with  a  stick 
of  sealing  wax;  lift  up  the  excited  silk  by  one  corner,  and  touch  the 
tan  foil  of  th0  electiosoope  with  it,  then  the  tin  foil  will  be  charged  with 
pQsitiTe  electnctty ;  bring  the  excited  sealing  wax  near  to  the  tin  foil, 
and  it  will  be  powerlhlly  attracted,  thereby  showing  that  while  the  seal- 
ing wax  is  in  a  negative  state  of  electricity,  the  silk  is  in  a  pontive  state. 

£9^9.  2.  Tie  a  piece  of  silk  or  flannel  to  the  end  of  a  stick  of  sealing, 
wax;  nib  a  wana  plate  of  glan  with  the  insulated  ailk,  taking  care  to 
hold  the  mbte  by  ths  insulating  handle ;  test  the  electricity  of  the  rub- 
ber and  the  excited  glass  by  means  of  the  electroscope,  and  it  will  be 
found  that  the  silk  rubber  is  negatiye,  while  the  glass  is  poritiye. 

jBap.  3.  Rub  a  sheet  of  brown  paper  in  the  same  manner.  In  this 
case  the  silk  rubber  will  be  positive^  and  the  sheet  of  paper  negatire. 

THEORIES   OF  ELECTBICITT. 

8*  These  expefimepU  led  some  philosophers  to  consider 
that  there  was  onlj  one  electric  fluid,  and  that  it  existed  in 
the  gkss,  which  was  nibbed,  in  excess,  or  in  a  plus  state, 
while  it  existed  in  the  rubber  in  deficiency,  or  in  a  minus 
state.  According  to  this  theory,  the  friction  deprives  the 
rubber  of  a  portion  of  its  natural  electricity,  and  transmits  it 
to  the  glass,  which  thereby  receives  more  than  its  natoral 
share.  This  explains  the  use  of  the  terms  positive  and  yt^^a- 
tit>e  electricity.  However,  as  we  shall  afterwards  show,  it 
seems  to  be  more  simple  for  us  to  regard  electricity  as  con- 
sisting of  two  fiuids^  which  motoally  attract  each  other,  but, 
at  the  same  time,  each  fluid  is  self-repellent  —  that  is  to  say, 
its  own  particles  repel  one  another.  The  kind  of  iloid  ex- 
cited from  gla9$  and  analogous  bodies  is  called  vUreom  ;  and 
that  from  udUng  wax  and  the  like,  rtnwnu  electricity.  The 
vitreous  answers  to  the  poritive^  and  the  resinous  to  the  nega- 
Hve.    This  theory  fully  accounts  for  the  electrical  attractions 
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and  repulsions ;  for  when  the  electric  fluids  in  two  bodies  are 
unlike,  the  bodies  attract  each  other,  by  virtue  of  the  mutual 
attraction  of  the  two  fluids ;  and,  on  the  contrary,  when  the 
electric  fluids  in  the  two  bodies  are  like,  the  bodies  repel  each 
other,  by  virtue  of  the  repellent  property  of  the  particles  of 
the  same  fluid.  When  equal  portions  of  the  two  fluids  unite, 
they  neutralize  each  other,  and  the  electricity  is  then  in  a  neu- 
tral or  quiescent  state,  which  is  the  usual  state  in  which  elee- 
tricity  exists  in  bodies.  Friction  disturbs  the  equilibrium  of 
the  two  fluids,  by  separating  the  one  from  the  other :  the  pos- 
itive fluid  attaches  itself  to  the  glass,  while  the  negative  fluid 
attaches  itself  to  the  rubber.  The  two  fluids,  in  the  natural 
state  of  bodies,  as  it  were  hold  each  other  in  a  state  of  inae- 
tion,  and  electricity  is  then  said  to  be  latent  or  hidden. 

The  Single  Fluid  Theort  was  adopted  by  Franklin, 
and  after  him  by  most  of  the  English  electricians,  until  very 
recently,  when  the  Theory  op  Two  Fluids,  as  above  ex- 
plained, which  had  been  generally  adopted  on  the  continent, 
became  more  popular  amongst  us.  It  must,  however,  be  re- 
membered that  the  great  use  of  theory  in  this  subject,  is  to 
group  and  classify  the  vast  accumulation  of  facts  which  have 
been  brought  to  light 

CONDUCTION  AND   INDUCTION. 

D.  'WTien  the  electric  fluid  is  transmitted  from  one  body  to 
another  through  the  medium  of  an  insulated  conductor,  it  is 
said  to  be  conveyed  by  conduction ;  but  when  electricity  is 
transmitted  from  one  body  to  another  at  some  distance  from 
it  without  receiving  a  spark,  it  is  said  to  be  by  induction. 

Experiment,  Support  a  tea  spoon  B  C,  or  any  thick  metal  wire,  upon 
a  slick  of  sealing  wax  8 :  this  can  easily  be  done  by  melting  the  wax, 
and  fixing  the  spoon  to  it,  as  shown  in  Fig.  13,  page  214.  The  spoon 
will  thus  form  an  insulated  conductor. 

(1.)  Hold  the  conductor  B  C  by  the  insulating  stick  S;  bring  the 
extremity  C  near  to  the  tin  foil  T  of  the  electroscope ;  then  touch  the 
opposite  extremity  B  with  an  excited  stick  of  sealing  wax ;  the  tin  foil 
win  be  attracted  and  then  repelled.    Here  the  metal  B  C  conducts  or 
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conveys  the  electricity  fimm  the  scaling  wax  A  to  the  tin  foil  T.    This 
1b  an  example  of  twtduetion ;  B  C  may  be  any  conducting  substance. 

If  the  intervening  substance  B  C  were  glass,  or  any  other  non-con- 
ductor, the  tin  foil  would  not  be  aifected  by  the  contact  of  A  with  the 
exti  entity  B. 

(2.)  Bring  the  extremity  C  of  the  conductor  at  the  distance  of  about 
half  an  inch  from  the  tin  foil ;  hold  the  excited  stick  of  sealing  wax  A 
nt  about  the  same  distance  from  the  extremity  B  ;  then  T  ynll  be  elec- 
trified negatively,  which  can  readily  be  tested  in  tlic  usual  way.  lliis 
is  an  exomple  of  electrical  induction.  Take  A  away,  and  all  signs  of 
electricity  will  have  disappeared  from  the  conductor  B  C.  Here  the 
electricity  is  conveyed  or  transmitted  from  the  electrified  body  to  the  tin 
foil  through  the  air,  and  not  by  the  contact  of  the  conductor  with  the 
electrified  body.  Electrical  induction,  then,  takes  place,  when  electricity 
is  transmitted  from  one  body  to  another  body  at  some  distance  from  it. 
The  phenomena  here  exhibited  may  be  explained  as  follows :  — 

The  negative  electricity  on  A  repels  the  negative  electricity  in  the 
conductor  B  C,  and  attracts  its  positive  electricity ;  the  consequence  is, 
the  equilibrium  of  the  two  fimds  in  the  conductor  is  destroyed,  the  neg- 
ative fluid  flies  towards  the  extremity  C,  and  the  positive  fluid  is  at- 
tracted towards  the  extremity  B.  Hence  the  tin  foil  is  first  attracted 
towards  C,  and  then  repelled  from  it  And,  upon  withdrawing  the 
conductor,  the  tin  foil  will  remain  electrified  negatively.  To  prove 
this,  bring  aa«xcited  stick  of  sealing  wax  towards  the  tin  foil  T,  and  it 
will  be  repelled. 

(3.)  Perform  the  same  experiment  with  an  excited  glass  tube  A.  In 
this  case  the  extremity  C  will  be  positive,  and  the  tin  foil  i»ill  be 
charged  with  positive  electricity. 

(4.)  Repeat  Exp.  2,  and  before  taking  the  electrified  sealing  wax  A 
aw9.Y$Jirat  touch  C,  and  theti  take  A  away ;  the  conductor  will  remain 
positively  electrified,  which  will  be  shown  by  its  now  attracting  T.  If 
wc  touch  the  extremity  B,  the  conductor  will  remain  electrified  nega- 
tively. 

These  efiects  maybe  readily  explained.  When  we  touch  the  ex- 
tremity C,  we  take  away  the  fr«e  negative  electricity,  and  then  when  A 
is  taken  away  on  excess  of  positive  electricity  remains  in  the  conductor. 
In  like  manner  when  we  touch  the  extremity  B  wc  take  away  the  free 
positive  electricity,  and  then  when  A  is  taken  away  the  conductor  B  C 
remains  charged  with  negative  electricity.  The  truth  of  these  results 
may  bo  readily  verified  in  the  usual  way.  Observe  that  the  tin  foil  T 
will  always  remain  charged  with  the  electricity  of  the  extremity  C  of 
the  conductor. 

Elecirical  ottractiona  are  readily  explained  upon  the  principle  of 
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inductioa:  by  the  action  of  inductiGn,  tfte body  whidi  la  attracted  ia  in  a 
difiiBcnt  state  of  electiicity  ftom  that  of  the  body  charged  irith  the 
electricity. 

Tai^i  simpk  GuUa  Percha  Ekc^ophorui, 

10.  The  fbUowing  apparatus  depends  vpaa  the  principle  of  indvo- 
tion:  — 

Take  a  toy  tin  plate,  costing  one  penny ;  heat 
the  bottom  c^  the  plate  over  the  flame  of  a  candle^ 
and  fix  a  stick  of  sealing  wax  A,  as  shown  in  fig. 
15,  to  its  upper  surfiuse;  lay  a  sheet  of  gutta 
percha(oirasheetof  warm  brown  paper,  as  the  case  /^^sssssmgB\ 
may  be)  upon  a  smooth  table*  and  excite  the  sheet     I  I 

in  the  usual  way ;  place  the  tin  plate  upon  the  sur-  JF^.  15. 

&ce  of  the  gutta  percha,  and,  after  touching  the 
plate  with  the  finger,  lift  it  off  the  gutta  percha  by  means  of  the  insu- 
lating handle ;  ap^y  the  knuckle  to  the  tin  plate,  and  a  ^>ark  of  posi- 
tive electricity  will  be  received.    This  may  be  repeated  for  about  a  hun- 
dred times,  without  any  sensible  diminution  in  the  size  of  the  qxuk. 

Here  the  friction  of  the  gutta  percha  generates  negative  electricity ; 
and  therefore,  when  we  touch  the  plate,  we  take  away  a  certain  portion 
of  negative  electricity  from  it,  and  consequently,  when  the  plate  ia  raised, 
it  must  contain  an  excess  of  positive  electricity. 

In  order  to  give  a  continuous  charge  to  a  conductor,  place  the  insu- 
lated tea  tray,  represented  in  Fig.  9,  directly  above  the  edge  of  the 
plate  A  of  the  electro^horus,  so  that  when  the  plate  is  lifted  off  the 
sheet  of  gutta  percha,  it  shall  strike  against  the  edge  of  the  tea  tray. 
In  this  way  a  rapid  succession  of  sparks  will  be  transmitted  to  the  tea 
tray,  which  will  consequently  become  powerfully  charged  with  positive 
electricity.  An  electrical  jar,  having  its  knob  placed  near  to  the  edge 
of  the  tea  tray,  will  be  soon  charged  with  positive  electricity. 

11.  By  means  of  this  clectrophorus,  the  following  demonstrative  ex- 
periments may  be  readily  performed :  — 

To  ahow  that  pointed  condudon  draw  off  eUetridty  froM  an  electrified 
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body :  Place  a  common  toasting  fork  upon  a  dry  wine  glass,  as  shown 
in  Fig.  16 ;  bring  the  electrified  plate  of  the  elcctrophorus  near  to  the 
points  of  the  fork,  then  a  spark  may  be  taken  from  its  opposite  extremity. 
To  exhibit  electrical  induction  and  conductioth :  Place  a  poker  upon  a 
dry  wine  glass,  as  shown  in  Fig.  17  ;  touch  one  extremity  of  the  poker 
with  the  electrified  plate  of  the  electrophorus,  and  a  spark  may  be  re- 
ceived fitnn  the  opposite  extremity,  thereby  showing  that  the  iron  is  a 
conductor  of  elegtiicity. 


Fig.  17. 

To  show  the  induction  of  electricity  in  this  case,  bring  the  electrified 
plate  of  the  dectrophortis  near  to  one  extremity  D  of  the  poker,  but  not 
so  near  as  to  transmit  a  spark ;  then  a  spark  of  positive  electricity  may 
be  received  from  the  opposite  extremity  C. 

The  tin-foil  needle  electroeeope,  —  In  order  to  render  the  law  of  induc- 
tion more  apparent,  construct  an  electroscope  A  P  J.  (See  Fig.  17.) 
Take  a  strip  of  card  paper  A  P  B  about  six  inches  long,  and  half  an 
inch  wide ;  attach  narrow  strips  of  tin  foil  to  the  extremities  of  the  card 
paper,  by  means  of  insulating  knobs  of  sealing  wax,  and  balance  the 
card  paper,  on  a  small  indentation  made  at  its  centre,  on  the  point  P  of 
a  pin  passed  through  a  cork  and  placed  on  the  top  of  a  wine  glass  J. 
With  the  view  of  aciQusting  the  balance,  two  small  rings  of  Indian  rub- 
ber are  placed  on  the  card,  one  on  each  side.  This  will  form  a  delicate 
electroscope,  which  may  be  used  in  conducting  some  interesting  experi- 
ments hereafter  to  be  described. 

Bring  the  strip  of  tin  foa,  of  this  electroscope,  near  to  the  one  extrem- 
ity of  the  poker,  (see  Fig.  17,)  and  then  bring  the  insulated  plate  of 
the  electroaoope  near  to  the  other  extremity,  and  the  needle  will  be  de- 
flected, the  tin  iba  being  electrified  with  positive  electricity  :  touch  the 
extremity  C  with  the  finger,  then  take  away  the  plate  of  the  elcctropho- 
rus. and  the  needle  of  the  electroscope  will  return  to  its  first  position ; 
fat  the  poker  will  be  left  in  a  negative  state  of  electricity,  while  the  tin 
foil  of  the  electroscope  will  be  in  a  positive  state ;  and  so  on  to  other 
experiments  of  ibis  kind,  illustrating  the  great  law  of  electrical  induction. 

19  • 
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A  remarkable  eam  of  ttuktetian.  —  Place  a  anall  tea  tray  T  upon  a 
dxj  wine  glan  J,  and  upon  this  tray  place  the  dectraacope  just  deicribed, 
as  shown  in  Fig.  18 ;  charge  the  tea  tray  T  with  porithre  dectridty,  by 
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means  of  the  dectrophonis,  desaibcd  at  page  220 ;  then,  becanae  the 
tin  fcil  C  B  is  insulated  by  the  action  of  indoctico,  the  lower  extremity 
C  will  be  negatzre,  while  the  upper  extremity  B  is  podtxve.  Touch  the 
upper  extremity  B  of  the  tin  fial  C  B,  and  it  will  remain  charged  with 
negatiye  electzidty ;  now  bring  the  hand  over  the  tray,  near  to  the  ex- 
tremity C  of  the  tin  foil,  and  it  will  be  instantly  repelled*  giying  the 
appearance  of  the  hand  as  being  negatively  deetriiSed*  whichi  in  &et»  it 
really  is  from  the  induction  of  the  tray  T. 

To  eheertfy  a  tin  phtB^  either  negatinefy  or  ponHveiy,  by  meant  of,  tka 
cleetrophorue.  ^- {I.)  Place  the  tin 
plate  A  upon  a  dry  wine  glass,  (see 
Fig.l9;)  chaige  the  plate  B  of  the 
olectrophorus  positiTely,  after  the 
manner  described  at  page  220,  and 


j  bring  It  near  to  the  insulated  plate 


A,  (without  allowing  a  spark  to 
pass  from  the  one  to  the  other  0 
touch  the  plate  A,  and  a  spark  of 
positive  electricity  will  be  receired 
from  the  inductiYe  action  of  the 
plate  B;  first  take  away  the  knuc- 
kle, and  then  take  away  the  plate 

B,  and  the  plate  A  will  remain  JF\^.  19. 
charged  with  negative  electricity. 

(2.)  To  electrify  the  insulated  plate  A  posittvdy,  simply  toudh  it  with 
the  charged  plate  B  of  the  electrpphorus. 
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To  exhibU  the  dancing  Mis.  ^-  Put  a  few  small  pith  balls  into  the 
plate  A,  (see  Fig.  19  ;)  bring  the  electrified  plate  B  oyer  them,  as  shown 
in  the  figure,  and  they  will  iqppear  to  jiuiq^  ixg  and  down. 

T^e  eUetric  belk — Place  a  damp  wina 
glass  C  (as  shown  in  Pig.  20)  near  to  the 
insulated  plate  A ;  suspend  a  email  brass 
ball  or  button  D  from  a  dry  silk  thread 
between  the  glass  and  the  plate;  alec* 
trify  time  after  time  the  plate  A  by 
means  of  the  dectzophorus ;  and  the  ball 
D  will  oscillate  between  the  plate  and 
the  glass,  thereby  producing  a  tinltlmg 
sound. 

Th4  electrical  pendulum,  —  This  instrument  is  repiesented  in  Fig.  21. 
A  and  B  are  two  insulated  plates ;  the  one  is  charged  with  positiye,  and 
the  other  with  negative  electricity ;  S  F  is  a  strip  cf  card  paper,  haying 


Fig.  20. 


Fig.  21. 

a  pin  P  passed  through  it,  and  a  piece  of  pith  E  attached  to  its  upper 
extremity  by  means  of  an  insulating  knobof  sealing  wax ;  the  pin  P  of 
the  pendulum  £  F  is  supported  on  the  edges  of  two  wine  glasses,  which 
are  not  shown  in  the  cut  The  apparatus  is  adjusted  so  as  to  allow  the 
insulated  pith  E  to  oscillate  between  the  edges  of  the  plates  A  and  B. 
With  the  view  of  causing  the  lower  extremity  F  to  preponderate,  a  small 
sliding  ring  of  Indian  rubber  is  placed  on  the  portion  P  E  of  the  pen- 
dulum. 

The  electrical  hammer.  —  This 
simple  piece  of  apparatus  is  rep- 
resented in  Fig.  22.  Here  the 
pendulum  E  F  of  the  apparatus 
just  described  is  supported  in  a 
horiaontal  position  in  the  man- 

ner  aheady  described;  the  pith  ^-  22. 

knob  E,  in  this  case,  osdllateB 
between  the  dectrifled  plate  A  and  a  oendMilgr  "D. 
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roto'aebeArtflo/fvvolMr.--- This  flimpte  and  intoestm  appa- 

ratus is  xepresented  in  Fig.  23.  F  and  £  are  two  insulated  plates  charged 
with  different  kinds  of  eleetticity,  (see  p.  222  ;)  A  B  J  is  the  tin  foil 
dectrosoqpe^  deKzibed  at  page  221,  placed  between  the  electiified  plates 


2^^.23. 

E  and  F,  80  that  the  lower  extremities  of  the  strips  of  tin  fial  may  nearly 
touch  the  plates  £  and  F.  When  the  plates  are  electxified,  the  electrical 
needle  A  B  rapidly  revolves  upon  its  centre  P ;  the  plates  charge  the 
insulated  strips  of  tin  foil  as  they  pass  them,  so  that  the  plates  attract 
the  strips  of  till  foil  when  they  are  on  one  sLde*  and  repel  them  when 
they  are  on  the  other  side.  The  charge  of  the  plates  must  be  from  time  to 
time  renewed.  The  action  of  the  instrument  is  improved  by  placing  a 
oonductiug  knob  Q  midway  between  the  two  plates  E  and  F,  so  as  to 
discharge  the  electricity  of  the  strips,  as  they  pass  the  conducting  knob. 
All  the  apparatus  we  have  hitherto  described  may  be  easily  construct- 
ed, at  a  very  small  cost,  by  any  person  of  ordinary  skill  and  patience. 

ELECTRICAL   MACHINES. 

12.  Electrical  machines  are  used  for  generating  electricity 
by  friction  on  a  large  scale.  They  consist  of  three  leading 
parts.  The  rubber  is  a  soil  hair  cushion,  covered  with  leather 
or  with  some  substance  which  readily  generates  electricity  by 
friction.  The  body  on  which  the  rubber  acts  is  either  a  glass 
cylinder  or  a  circular  glass  plate,  which  turns  upon  an  axis. 
The  receiver  of  the  electricity  is  called  the  prime  conductor; 
it  is  a  thin  brass  cylinder,  or  a  brass  rod,  mounted  on  a  glass 
pillar,  or  some  insulating  material.  The  action  of  an  electri- 
cal machine  is  simply  this :  the  glass  cylinder,  or  the  glass 
plate,  as  the  case  may  be,  upon  being  turned,  rubs  against  the 
cushion,  and  thereby  generates  electricity  upon  the  sur&ce 
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of  the  glass,  whidi  is  eootintiallj  carried  loand  to  die  prime 
conductor. 

7%e  common  Oylindrical  Machine. 

13.  Eig.  24  represents  an  electri- 
cal machine  of  this  kind.  The  glass 
cylinder  A  B*  which  rests  on  an 
axis  passing  through  C«  is  made  to 
rerolYe  by  means  of  the  wheeb  C 
and  I>  oonneeted  by  a  band,  the 
wheel  D  being  turned  by  means  of 
the  handle  B;  the  cushion  H»  which 
rttba  against  the  cylinder,  is  mount- 
ed on  a  glass  pillar  I,  which  slides 
in  a  greovc  at  the  loot,  liar  the  pur  ^'  ^^* 

pose  of  a4i«sting  the  pressure  upon  the  cylinder ;  the  chain  K  L  con- 
nects the  cushion  with  the  ground ;  a  flqp  B  of  Tsmished  silk  pasMs 
fixnn  the  cushion  over  the  cylinder,  ftr  the  purpose  of  preventing  the 
escape  of  the  electricity  into  the  air ;  the  prime  conductor  M  N,  mount- 
ed on  the  glass  pillar  O  P,  has  a  row  of  points  prqjecting  from  the  ex- 
tremity M,  and  coming  nearly  in  contact  with  the  sorfiice  of  the  glass 
cylinder.  As  glass  is  liable  to  collect  moisture  on  its  suitee,  it  is  usual 
to  cover  all  tlie  insulating  piUan,  as  weU  as  all  those  parts  of  the  cylin* 
dcr  which  do  not  touch  the  cusluon,  with  a  coating  of  Tarnish,  which 
has  a  Uglttr  insulating  pi-opeity  than  glass. 

!ng.  M  shows  the  constructioa  d  the  ousfalon ;  where  H  K 

is  the  robber,  with  an  adjusting  qning  fixed  behind  it|  ior 
keeping  it  continually  pressed  against  the  cylinder ;  K  the 
brass  knob^  or  ball,  for  attaching  the  chain.  C\sA 

Fig.  26  shows  the  ibrm  of  the  row  of  points  atUched  to     ^"-^ 
the  prime  conductor. 

When  the  cylinder  is  turned  round  by  the  handle  R,  pos- 
itive electricity  is  generated  on  the  siirfaoe  of  the  cylinder,      j?^,  26. 
and  negative  electricity  on  the  cushion.    The  latter  is  car- 
ried off  by  the  chain  to  the  ground.    The  positive  electri-  Q 
dty  is  cairied  round  to  the  points  of  the  prime  conductor,  j 
where  it  acts  by  induction  on  the  natural  electricity  in  the           p 
conductor  —  that  is,  by  attracting  the  negative  fluid,  and     .  g   1^ 
repelling  the  poeitivc.     The  negative  fluid,  escaping  by  the            | 
)xiints,  unites  with  the  positive  fluid  on  the  cylinder,  and 
thereby  restores  the  surface  of  the  cylinder  to  its  natural 
#^atsi»  so  that  when  it  arrives  again  at  the  rubber  it  is  pre- 
pared for  another  charge  of  positive  fluid ;  at  the  same  time      Fig.  26. 
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the  prune  conductor  u  left  charged  with  podtive  dectiicity.  Accord- 
ing  to  this  Iheoiy,  the  negatiTc  dectridtj  of  the  conductor  ii  con- 
tmuallj  paasing  off  by  the  chun  attached  to  the  cuEhkm,  whidi  con* 
itantly  keeps  the  coDductor  choired  with'  podtiTe  dectricity.  By 
detachmg  the  duin  from  the  cuihion.  aad  plBdng  it  on  the  prime  con- 
ductoT,  we  are  able  to  charge  the  cushion  with  n^atiTe  electiicity. 

With  the  view  of  imzeaiing  the  effidency  of  the  machine,  the  ctnA- 
ion  is  covei«d  with  an  amalgam  of  tine  and  tin.  According  to  Singer, 
the  best  composition  of  the  amalgam  ii  two  parts  by  wdght  of  dnc,  one 
of  tin,  and  aix  of  mercury.  The  mercury  is  added  to  the  mixture  of 
the  zinc  and  tin  when  in  a  fluid  state,  and  the  whole  is  then  sholcai  in 
a  wooden  box  until  it  U  cold ;  it  is  then  reduced  to  a  powder,  and  mixed 
with  a  sufficient  quantity  of  lard  to  reduce  it  to  the  consstency  of  paste. 
A  thin  coating  of  this  ptsto  is  ^read  over  the  cushion;  but  befbre  this 
is  done,  all  the  patta  of  the  machine  should  be  carefully  cleaned  and 
warmed.  Black  spots  and  lines  are  readily  taken  irom  the  glan  by  ap- 
plying a  rag  dipped  in  sinrit*  of  wine;  and  the  efBcieney  of  the  machine 
is  greatly  promoted  by  applying  with  the  hand  ■  fdece  of  leather  cor- 
(red  with  amalgam  to  the  cylinder. 

The  common  Plate  Miehine. 


14.  Y\%.  27  represents  a  machine  of  this 
kind.  A  B  is  a  circular  plate  of  ghua, 
turning  on  a  harizontsl  axis  C  by  means  of 
the  winch  or  handle  D ;  the  plate  is  em- 
braced at  B  by  ti 
of  which  is  adjusted  by  sc 
lar  cushions  are  placed  at  £ 
ceeding  from  the  cushions,  cover  the  glan 
at  the  spaces  shown  in  the  figure  to  about 
half  an  inch  from  the  points  on  each  side 
of  the  conductor ;  the  conductor  POMP  jsv™  bt 

is  a  small  brass  tube,  or  cylindo-,  bent  to  as  V-      ■ 

to  suit  the  plate,  and  supported  by  a  glaM  md  P'  M  attached  to  the 
upright  &ame  E ;  F  Q,  running  parallel  to  the  nrfitce  of  the  plate,  is 
that  part  of  the  conductor  which  carries  the  point*,  and  a  dmilar  bent 
hrandi  with  pmntB  is  fivmed  at  P.  'When  the  handle  D  is  turned  in 
the  direction  of  the  arrow,  the  cushions  at  the  top,  as  wdl  as  those  at  the 
bottom,  generate  electricity ;  the  pinnta  at  P  receive  the  electridty  grai- 
erated  by  the  cushion  G,  whilst  those  at  P  O  receive  the  electricity  gen- 
erated by  E'.  In  order  to  prevent  the  escape  of  electiidty,  all  the 
eztremitiea  of  the  amdnctor  are  tenninated  in  hroM  halls  or  ^obet.  Th* 
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frindpU  on  wUcb  tlni  machine  acts  ia  preciMly  the  Mme  u  that  of  Uie 
common  cjlindiicsl  machine.  Tbit  machine  ia  more  powerful  than  the 
C7lijidrical  one ;  but  the  difficulty  of  imnJating  the  nibben,  bo  M  to 
(ditaia  the  negative  fluid,  is  certainly  an  olijection  to  it. 

Tit  Hatrlan  plats  macAina,  repre- 
MQted  in  Fig.  2S,  iaHj  remediet  thii 
deficioicT  in  the  conumm  plate  ma- 
chine. The  glass  pIsM  i>  fixed  to  the 
f[»i«  D ;  the  two  cushions  are  insulated 
on  glass  pillars  £  and  F ;  C  B  C  is  the 
bent  ana  of  tlie  piime  conductor,  armed 
with  points,  and  insulated  on  the  glass 
pillar  O  ;  in  order  to  connect  the  cush- 
ions with  the  ground,  there  is  a  bent 
or  semicirculai  conductor,  similar  to 
C  B  C,  proceeding  &0E1  the  aiia  at 
D,  and  Teaching  to  thebalLiof  the  two 
cuduons. 

"Whoi  it  ia  i«quired  to  charge  the  Fig.  28> 

ocnductoc  B  with  n^ptiTe  electricity, 

the  semidicular  rod  C  B  C  is  moved  into  a  horizontal  positimi,  thoeby 
brin^g  the  pdnta  oppctite  to  the  two  cushions ;  at  the  same  time  the 
other  semidrcular  rod,  on  the  opposite  aide  of  the  plate,  is  moved  round 
into  a  vertical  postion,  thereby  hringtag  ita  pcnnti  at  the  tc^  and  bottom 
parts  of  the  plate. 

Kg.  39  Tepreaoila  anotba  iocm  id  the  plate  machine ;  where  C  is  the 
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prime  ccmdactor,  moantad  on  the  ^^aa  pShtr  K ;  O  Q  the  g|Mi 
^  the  winch ;  B  R  the  ciuhions ;  S  S'  the  fiapi»  &e. ;  B  a  tpuiAaaat 
trometer  izuerted  in  the  conductor,  to  detsmine  the  qoMoatitf  ef 
tridty  irith  "which  it  may  be  diechuged ;  and  a  a,  &  6  an  apipaiatM 
pended  from  the  ccmductor  to  illuBtnrte  the  principle  at  electrical  altiac 
tion  and  rqiulnon. 


APPENDAGES  TO  KLXCTXICAL  MACHIXXS. 


15.  The  innUating  ttool,  reprennted 
in  Fig.  30,  consists  of  a  board  of  hard* 
well-baked  wood,  supported  on  glass 
legs  covered  with  Tarnish.  It  is  useful 
for  insulating  any  body  charged  with 
electricity ;  for  instance,  a  person  may 
stand  upon  the  stool  and  become  charged  Fi0*  80* 

with  electricity,  upon  being  put  in  con- 
nection with  the  prime  conductor  of  the  electrical  machine. 

DiKharging  rods  are  brass  rods  terminating  with  balls,  or  with  ponti 
fixed  to  glasB  handles.  With  these  rods,  electricity  may  be  taken  ftom 
a  conductor  without  allowing  the  electrical  charge  to  pa«  through  the 
body  of  the  operator. 

Vig,  31  represents  a  common  discharger;  where  ▲  b  the  glfs  haadle^ 
CEDthebiassrod,  C  and  D  the  balls. 


Fiff.Zl. 
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Fig.  82  represents  a  double-handled  jointed  dischiKger ;  where  A  and 
B  are  the  glass  handles,  E  the  joint,  &c. 

The  Leaden  Jar  consists  of  a  glass  cylinder,  or  wide-mouthed  bottle,  X» 
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(aee  ¥lg.  81,)  both  surfiuses  of  which  are  coated  -with  tin  foQ  tip  to  about 
three  inches  of  the  top.  The  coating  of  tin  foil  on  the  outside  of  the 
bottle  iB  called  the  outer  coating ;  the  other,  on  the  iuide,  is  called  the 
inner  ooeting.  Electricity  is  transmitted  to  this  coating  by  means  of  a 
metal  rod  K  o,  tenninated  at  the  upper  extremity  by  a  knob  K,  and  at 
the  lower  extremity  by  a  chain  which  comes  into  contact  with  the  inner 
ooatiug  odlhe  jar.  The  rod  ib  fixed  by  passing  tightly  through  a  wooden 
plug,  which  fits  firmly  into  the  neck  of  the  jar.  Those  portions  of  the 
glass  which  are  not  coated  with  the  tin  foil  are  oorered  oyer  with  a  thick 
coating  of  waXy  to  prerent  a  reunion  between  the  electricity  of  the  outer 
coating  and  that  of  the  inner  coating.  When  the  jar  is  to  be  charged,  it 
is  hdd  in  the  hand  by  the  outer  coating,  and  the  knob  K  is  brought  near 
to  the  conductor  of  the  electrical  machine.  W^hile  spark  after  spark  of 
positive  electricity  enters  the  jar,  the  positive  ele»ctricity,  on  the  principle 
of  induction,  is  driven  off  from  the  outer  coating ;  so  that  while  the 
inner  coating  becomes  charged  with  positive  electricity,  the  outer  coating 
becomes  duffged  with  negative  electricity  in  a  manner  which  will  be 
hereafter  more  fully  explained.  When  the  jar  is  to  be  discharged,  the 
qperator,  holding  the  discharging  rod  by  the  glttSs  handle  A,  brings  one 
knob  C  in  contact  with  the  outer  coating,  and  then  gradually  brings  the 
other  knob  D  near  to  the  knob  K  of  the  jar ;  the  reunion  of  the  two 
ilnida  (the  positive  from  the  inner  coating,  and  the  negative  from  the 
trater  coating)  takes  place  between  the  two  knobs  D  and  K  with  a  bright 
tptA  and  a  snapping  noise. 

The  universal  diachairget  represented  in  Fig.  33,  oonsists  of  a  dry  deal. 


Fig.  33. 


Qo  which  two  glaas  piUara  A  and  B  are  fixed ;  two  braas  xods  •  6  and 
a  6,  capable  of  turning,  on  a  ball  and  aocfcet  joint,  in  any  direction,  and 
also  capable  of  sliding  in  the  top  balls ;  the  knobs  o  o  are  applied  to  a 
wooden  taUe  I,  whieh  admits  of  being  raised  or  depressed  by  means  of 
an  a^tnsting  screw  v ;  a  nanow  strip  of  ivoiy  is  inlaid  across  the  table ; 
the  knobs  a  a  may  be  screwed  off,  and  replaced  by  points  or  by  foroepa. 
This  piece  of  apparatus  is  much  used  for  paaring  stiong  ohargea  of  dec- 
tricity  through  any  sofaeCance. 

20 
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T^guattmnt  ehctrrmtler.  —  ThU itutnuoait U Died Ibr  ^ 

indicating  the  qaantity  of  elcctiidty  accamuUted  in  the  f 

priniB  conductor  of  tbe  mtdiino.  It  eaaaau  of  a  vmical  /"^  ' 
ct«m  m  rod.  which  admila  of  bdng  inicTt«d  in  »  hole  made  I  "  '. 
in  the  prime  conductor ;  to  the  tide  of  thia  item  ii  fixed  s  "^  x;^  | ' 
graduated  quadrant,  eairjriiig  a  light  needle  or  rod,  termi-  ^~~i . 

natcd  by  a  pith  ball ;  thia  light  needle  tuni«  on  a  pivot  O    ^        ^ 
fixed  in  the  caitre  of  the  quadranL     When  the  maohinc  il      Fif.  3i> 
not  in  actum,  the  light  needle  hangs  parallel  to  the  rertical 
tlcm ;  but  trhen  the  machine  la  worked,  the  needle  is  repelled  tarn  the 
■tOB,  and  the  height  to  wluch  it  ascends  indicates  the  amouat  of  elac- 

16.     A   FEW   EASY   KXFERIVENT3   WITH  THE   ELECTRICAL 
MACHINE. 

Exp,  1.   "Work  the  machine ;  bring  your  knuckle  near  to  the  jafane 
a  Tivid  and  instantaneous  flaah,  accompanied  with  a  toap- 
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pbig  veim,  pasMi  between  the  conductor  and  your  hand*  wliidi  produces 
a  tlightly  painful  aenaation :  this  ia  the  electric  apazk. 

A  spark  will  be  communicated  to  any  conductor.  Hold  a  stick  of 
aealing  wax,  or  any  other  non-conductor,  to  the  prime  conductor  t  no 
spark  will  be  received. 

Exp.  2.  Fix  the  quadrant  electrometer  on  the  prime  conductor ;  work 
the  machine,  and  observe  to  what  height  the  pith  ball  is  repelled.  Hold 
the  point  of  a  sewing  needle  near  to  the  oonductor :  the  pith  ball  of  tha 
dectrosoope  instantly  fidls.  Take  ^arks  from  the  conductor :  the  pith 
ball  fUk  at  the  instant  each  spark  is  taken. 

Exp,  3.  Let  a  boy  stand  on  the  iniwilating  stool,  and  let  lum  place  ooe 
of  his  hands  tn  the  prime  oonductor ;  work  the  tnA/>iim^  •  take  qwrks 
ikom  his  body :  see  how  he  winces  from  the  smarting  sensation  they 
produce^  e^iedally  when  taken  through  his  clothes !    (See  Fig.  35.) 

Exp.  4.  Charge  a  Leyden  jar  fiilly,  and  discharge  it  with  the  jointed 
dischaiging  rod :  see  what  a  vivid  spark  it  gives  ! 

Charge  the  Leyden  jar  (with  about  half  a  dozen  spariu ;)  grasp  the 
enter  coating  with  one  hand,  and  touch  the  knob  with  the  other.  The 
dectiic  fluid,  in  passing  through  your  body,  gives  you  what  is  called  an 
tiedrie  ihock* 

Let  a  few  boys  form  a  ring  by  taking  hold  of  each  other^s  hands ;  let 
the  first  boy  in  the  ring  grasp  the  outer  coating  of  the  charged  jar,  and 
let  the  last  boy  touch  the  knob :  instantaneously  all  the  boys  in  the  ring 
will  receive  a  shook. 


SLfiCTBICAL   ATTRAGTIOK  AND  REPULSION. 

17.  This  subject  has  been  fuUy  explained  in  the  prelimi- 
nary portion  of  this  work,  in  relation  to  a  nmnerous  class  of 
simple  experimental  &cts.  But  the  electrical  machine  ena- 
bles us  to  exhibit  the  various  phenomena  of  electrical  attrac- 
tion and  Impulsion  in  the  most  striking  manner. 

Exp.  1.    Repukion  of  Oeetrified  threadt. --Ttike  a  skein  of  Knen 

threads,  and,  after  tying  them  together  at  each  end,  suspend  them  from 

the  prime  conductor  of  the  machine.    When  the  handle  of  the  machine 

is  turned,  the  threads  will  beo^e  dectrifled,  and  will  repel  each  other, 

so  that  they  will  swell  out  in  the  middle,  forming  a  figure  roMmbling 

the  meridian  lines  on  a  globe. 

Exp.2.    The  Jnyhtewd  head  of  hair.  ^Ta  A  dOTuheiA  of  hmbi 

the  prime  conductor ;  work  the  machine,  and  the  hairs  will  appear  to 

■tand  on  end,  from  their  mutual  repulrion,  pceaenting  an  ezaggwated 

appearance  of  a  pecaon  in  a  state  of  fright. 
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Present  a  pointed  rod  to  the  hairs,  and  ihey  vill  immediatety  col- 
lapse. 

A  bunch  of  large,  doiwny  fiaathen,  inserted  into  the  hole  of  the  prime 
condiutor,  will  present  a  similar  appearance. 

Exp.  3.  The  ebdrieal  dance,  —  In  this  experiment,  a  metal  plate  is 
suspended  by  a  chain  from  the  prime  conductor ;  a  few  inches  below  this 
plate  another  plate  is  placed  in  connection  with  the  earth ;  and  some 
light  figures  are  placed  upon  the  bottom  plate,  as  shown  in  Fig.  36. 
When  the  machine  is  worked,  the  figures  appear  to  dance^  or  to  jump  up 
and  down,  from  the  one  plate  to  the'other,  in  a  very  grotesque  manner. 


fV.  86. 


JFV^.  37. 


Exp.  4.  The  dancing  baU$.  —  Here  a  number  of  cork  or  pith  balls  are 
placed  upon  a  metal  disk  P  (Fig.  37)  communicating  with  the  ground, 
and  the  whole  of  them  are  covered  with  the  glass  bell  B,  whose  upper 
part  is  open,  and  provided  with  a  collar  of  leather,  through  which  a  rod 
II  D  passes,  carrying  at  its  lower  extremity  a  metal  disk  D.  By  this 
construction,  the  upper  disk  D  can  be  placed  at  any  convenient  distance 
from  the  lower  disk  P.  The  ring  R  of  the  rod  is  put  in  communication 
with  the  prime^onductor,  so  that,  when  the  machine  is  worked,  the  balls 
are  attracted  by  the  plate  D,  and  then  repelled  from  it,  being  charged 
with  positive  electricity ;  now,  when  they  touch  the  bottom  plate  P,  the 
electricity  is  taken  from  them,  and  they  are  thus  prepared  to  be  again 
attracted  by  the  plate  B,  and  so  on. 

We  may  make  this  experiment  in  a  more  simple  manner  by  using  a 
glass  tumbler,  (Fig.  38,)  whose  interior  surface  has  been  electrified  by 
touching  its  different  parts  with  the  pointed  extremity  of  a  metal  rod 
fixed  in  the  conductor  of  an  electrical  machine  in  action.  The  glass  is 
then  inverted  upon  a  tables  over  a  lot  of  pith  balls ;  the  balls  immediately 


begb  to  dance,  bdng  Bltemotel;  attracted  and  lepeUed  bjr  die  dectric 
fluid  on  the  inUrior  mattee  of  the  gla«,  •■  ihown  in  Pig.  88. 


B»p.S.  75U»I«*Hi»i4«a».  —  Tho«lt«iwte«t&«ction  wid  repoWon 
of  dectrifled  bodia  is  beautifully  illiutrated  in  this  piece  of  apparatus, 
which  is  of  nme  impcstance,  inasmuch  as  it  it  gequeutlf  employed  in 
tKfiecd  countries  to  detect  the  presence  of  an  electrified  cloud.  A  glasa 
PHu  auppoits  two  metal  tods,  A  B  and  C  B,  &om  which  taa  bells, 
A'  B'  C  D',  are  suqmded  by  chaioa.  A  cenual  bell  0,  at  the  fiat  of 
the  glass  jnllar  E  F,  is  placed  on  the  wooden  stand  K  i  a  chain  Q  £ 
connects  thia  bdl  with  the  ground.  From  the  exOemiliea  of  the  lods 
A  B  and  C  D,  finr  imaU  brass  balls  H  H  ate  suspended  bj-  rilkcn 
threads.  'Wbea  the  machine  is  in  action,  the  cross  rods  sie  pot  in  coo- 
nection  with  the  prime  conductor,  and  the  four  bells  A'  B'  C  D'  become 
charged  with  deetridty,  and  coDsequently  attract  and  repel  the  insulat- 
ed balls  U  H.  When  the  balls  H  H  are  repelled,  tbey  strike  the  bell 
G,  to  which  they  give  up  the  electridty  they  recdved  from  the  elEotri- 
fled  bell*,  and  this  eh?etricity  is  earned  off  by  the  chain  Q  K.  The 
tinkling  noiae  thua  produced  will  continue  so  Iraig  as  electricity  is  sup- 
plied to  the  bdls  A' B' C  D . 

Ilg.  10  rcprescntj  a  simpler  apparatus  of  this 
kind,  where  the  bells  are  hung  from  a  brass  rod  4-B, 
which  may  be  suspended  from  the  prime  conductor. 
In  this  fiinn  of  the  appantus,  the  central  bell  is 
■ospended  by  a  rilken  thread,  and  is  nnuifcted  with 
the  ground  by  means  of  the  chain  O  K. 

Eip,  6.    l%t  electrical  teaaa.  —  This  comi 
n  fmall  etrip  of  wood  (see  Fig.  41)  about  a  ihot 
long,  ooreKd  with  tin  G>il,  and  '"■■■'*''^  on  « like  •  ^^  ^g^ 
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A  digbt  preponderance  Is  given  to  it  on  the  side  a»  whore  it  nsti  on 
a  metal  ball  m  at  the  top  of  a  bnas  wire ;  p 
is  an  insulated  metal  ball.  The  ball  p  is  con- 
nected with  the  interior  coating  of  an  electxi* 
cal  jar,  while  m  is  connected  with  its  exterior 
coating.  When  the  jar  is  charged,  the  eee- 
saw  motion  will  immediatdiy  be  produced, 
llie  cause  of  this  motion  depends  upon  the 
common  principle  of  dectric  attraction  and  lepulsiaQ. 

This  expeximent  will  succeed  quite  as  well  by  simply  eoimecting  the 
ball  p  with  the  prime  conductor  of  the  machine,  and  the  ball  m  with 
the  ground. 

Exp,  7.  Th€  electrified  waier,  —  'Bae  allttle  metal  bucket  B,  luKviag 
a  sniall  hole  in  its  bottom,  is  sus- 
pended fixnn  the  prime  conductor  of 
the  electrical  machine.  The  hole  in 
the  bucket  is  so  small  that  the  water 
merely  falls  firom  it  in  drops  when  the 
machine  is  not  in  action ;  but  when 
the  machine  is  worked,  the  water  runs 
from  the  hole  in  a  continuous  stream* 
owing  to  the  repulsion  which  takes 
place  amongst  the  particles  of  the 
electrified  water. 

The  same  experiment  may  be  per- 
formed by  inserting  a  aphon  D  C, 
having  a  small  bore,  into  the  water,  as  shown  in  Fig.  42. 

A  similar  effect  would  be  produced  by  suspending  a  sponge,  saturated 
with  water,  from  the  prime  conductor  of  the  machine. 

Exp,  8.  Ekctr\fied  eeaUnp  wax,  —  Ignite  the  extremity  of  a  stick  of 
scaling  wax,  and  when  it  is  in  a  full  state  of  fusion,  blov  out  the  flame 
and  bring  the  melted  wax  near  to  the  prime  conductor  of  the  machine ; 
numerous  fine  filaments  of  wax  will  fly  to  the  conductor,  and  will  ad- 
here to  it,*forming  upon  it  a  sort  of  network  like  wooL  This  is  a  simple 
case  of  electrical  attraction.  The  experiment  will  succeed  best  if  a 
small  piece  of  wax  is  attiCched  to  the  end  of  a  metal  rod. 

Exp,  9.  The  electrical  noing  consists  of  a  light  figure  placed  upon  a 
swing  formed  by  a  silk  thread.  The  light  figure  swings  between  two 
balls,  one  of  which  is  insulated  and  put  in  connection  with  the  prime 
conductor,  the  other  ball  being  put  in  connection  with  the  ground.  The 
principle  of  this  apparatus  is  the  same  as  that  of  the  electrical  seesaw. 

Exp,  10.  The  electrical  9wan, — In  this  experiment  a  Ught  piece  of 
cork,  or  any  other  light  substance,  cut  in  the  shape  of  a  swan,  is  made 
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to  fliMt  in  a  basitt  of  water  placed  upon  the  kisulated  atooL  Tlie  water 
18  electrified  by  means  of  a  chain  which  passes  from  it  to  the  prime  oon- 
duetor.  The  little  floating  swan  will  approach  any  non-electrifled  sub- 
stance that  may  be  presented  to  it. 

In  making  this  experiment,  the  cork  should  be  first 
oompletely  unmersed  in  water*  to  render  it  a  oon- 
.  doctor  of  dectnaty  • 

Exp,  11.  The  eUetrioal  tpid&r, — An  electrical  jar 
L  has  a  ball  b  connected  with  its  exterior  coating. 
When  the  jar  la  charged  with  the  poiitiYe  electricitj 
of  the  prime  conductor,  any  light  substance,  such  as 
a  rqaesentatiOQ  of  a  spider,  suspended  between  the 
knobs  a  and  6,  will  oadllatft  between  them. 


Fig.^Z, 


LUMINOUS  EFFECTS  OF  ELECTRICITY. 


Fig.4A. 


THX  BLBCTRIO  SPARK. 

18.  When  the  knuckle,  or  a  brass  ball  at  the  end  of  a  rod, 
is  presented  to  the  conductor  of  a  machine  in  full  action,  a 
spark  is  produced  by 
the  passage  of  the  fluid 
from  the  conductor  to 
the  knuckle.  The 
spark  has  a  zigzag 
form,  similar  to  a  flash 
of  forked  lightning.  The  length  and  intensity  of  the  spark 
depend  upon  the  power  of  the  machine.  Sparks  may  be 
taken  from  the  prime  conductor  of  a  very  powerful  machine 
at  the  distance  of  twenty  or  thirty  inches.  When  the  conti- 
nuity of  a  conducting  substance,  such  as  tin  foil,  is  broken  at 
different  parts,  a  spark  will  be  produced  at  every  place  where 
the  course  of  the  conductor  is  broken.  A  great  variety  of 
beautiful  experiments  may  be  made  to  illustrate  this  principle. 
These  experiments  should  be  made  in  the  dark. 

Exp,  1.  Luminom  apanglet.  —  Sew  a  number  of  tin  foil  spangles  on 
silk  ribbon,  about  a  quarter  of  an  inch  apert ;  hold  the  ribbon  by  one 
extrenut]r»  and  bring  the  other  near  to  the  prime  conductor ;  the  dec- 
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tridtf ,  in  its  pHHge  from  ^Hmgle  to  epaog^  will  farm  a  tamtffiil  Hnir 
of  li^t. 

Exp.  2.  TAei^'ml  Iii6«.---Tliia  oonsafltB  of  two  ^MB  tubei»abOiit  * 
ibotkng,  ooe  of  which  is  plaoed  within  the  other.  The  inner  tube  hee 
spangles  of  tm  £ail  pealed  on  its  oatade  mriiMe  in  the  ioem  of  n  epoaL 
The  two    ends    of    the  tabes  ne 

moonted  with  brass  caps.  Hold  the  ^i  ■^^j^^^y'ii.^^jiiv^^jLi  ^ 
tube  by  one  of  the  brass  ca|«;  apply   VaI^^^— -^^--^^-— ^^— ^^V^ 

the  other  eap  to  the  prime  conductor ;  -'^*  ^* 

a  beantiUul   spiral  stream  of  dectric 
light  win  pass  from  one  end  of  the  tube  to  the  othar« 
A  spiral  tube,  made  to  fevolve  within  an  dectrified  heoppmdoos  a 

splendid  effect. 

Spangles  of  tin  foil  may  be  pasted  on  common  window  glass  so  as  to 
produce  various  luminous  devices,  such  as  geometrical  figures,  or  short 
T«x>rds. 

Exp.  3.  IpnUi&n  of  tplritB  of  wins.  —  Ix*  t  pefson,  Btmdiag  on  the 
insulating  stool*  (see  Fig.  35,)  lay  one  hand  on  the  prime  conductor,  and 
with  the  other  hand  let  him  hdd  a  warm  teaapeen  containing  spirits  of 
wine ;  let  some  other  person  present  his  knuckle  to  the  spoon*  and  the 
passage  of  the  spark  will  cause  the  spirits  to  ignite. 

£j^,  4.  I^ttHioH  of  sCftflT  ofi  watot,  -^  Pocff  some  water  into  a  wtne 
glass,  whose  outer  suifaoe  is  peiibctly  dry ;  pour  some  ether  on  the  tap 
of  the  water,  aid  u—t  lh«  WMcr,  by  means  of  a  chaia*  with  the 
ptimi  eondodor  cf  the  ■arirfna  Turn  the  handle  of  the  machine,  and 
preamt  your  knnddeb  or  a  mtalHe  ball»  to  the  sux&ce  of  the  ether,  and 
the  eleotric  apark  will  ignite  the  ether* 

Exp.  6.   The  eleatriimi pistol. -^The  electric  apotk  will  readily  cauae 
a  mixture  of  hydrogen  and  common  air  to  explode.    The  electrical  pia- 
tol,  represented  by  Fig.  46,  is  commonly 
employed  ibr  this  purpose ;  a  is  abrass  tube,  h 

or  barrel,  open  at  one  end ;  ft  is  a  copper 
wire,  insulated  by  its  being  inserted  in  an 
ivory  tube,  which  passes  through  one  side  of 
the  bairel,  and  nearly  touches  the  inner  sur- 
face of  the  opposite  side.  Hold  the  mouth  Fip.  46. 
of  the  pistol  over  a  stream  of  hydrogen  gas, 

proceeding  from  a  pipe ;  after  a  sufficient  quantity  of  gas  has  entered, 
close  the  mouth  of  the  pistol  with  a  cork  c ;  take  a  spark  through  the 
knob  6,  and  the  cork  will  be  discharged  with  a  loud  report,  from  the 
explosion  of  the  gas  by  the  passage  of  the  spark  from  the  extremity  of 
the  wire  to  the  inner  surface  of  the  baneL  In  order  to  avoid  any  aooi- 
dent,  the  cork  should  be  attached  to  the  pistol  by  a  loose  string. 
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Exp.  6.  Ignition  of  eomnum  got*  —  Let  a  pefBGBBt  itfinding  on  the 
tnMilattftl  Btool,  touch  the  prime  oonductor  with  one  hand,  and  with  the 
V«nftirii»  of  the  fine  finger  of  the  other  hand  let  him  tranimit  a  tperk 
to  the  orifice  of  a  gas  pipe  from  which  a  current  of  gas  ib  being  die* 
charged,  and  the  gas  wiU  be  ignited. 

Bring  a  candle  iKith  a  long  snufE^  that  has  just  been  extinguished,  near 
to  the  prime  conductor,  so  that  the  spark  panes  jfrom  the  conductor, 
through  the  smoke,  to  the  candle ;  it  is  relighted. 

DIFFERENT  FORMS   OF  THE   ELECTRIC   LIGHT. 

19.  The  intensity  of  the  electric  light  depends,  not  only 
npon  the  density  of  the  accumulated  electricity,  but  also  upon 
the  density  and  nature  of  the  gas  through  which  the  spark 
passes.  Thus  the  spark  is  bright  and  short  when  it  passes 
through  dense  air ;  but  when  it  passes  through  rarefied  air  it 
is  long  and  diffused,  and  of  a  violet  hue.  The  color  of  the 
spark  is  also  much  influenced  by  the  composition  of  the  gas 
through  which  it  is  transmitted,  as  well  as  by  the  nature  and 
form  of  the  conductor.  In  this  way  a  great  variety  of  sur- 
prising and  beautiful  luminous  experiments  may  be  performed. 

Exp.  1.  THb  eieetric  light  firm  poinU.^Fiace  a  pointed  xod  in  the 
prime  conductor  charged 
with  poaitiye  electricity,  uid 
the  electric  light  will  issue 
fiom  the  point  in  the  fiann 
of  a  fanish.  Try  to  take  a 
spark  from  the  conductor.  Fig.  47. 

when  the  pointed  rod  is  at- 
tached to  it. 

Hold  the  point  of  the  rod  towards  the  prime  conductor,  and  a  star 
will  be  seen  on  the  point. 

Attach  the  pointed  rod  to  the  insulated  cushion,  chargM  in  this  case 
with  negative  electricity,  and  the  electric  light  will  be  seen  in  the  form 
of  a  star. 

Insulate  the  cushion  as  well  as  the  prime  conductor,  and  attach 
painted  rods  to  each  of  them,  so  that  the  points  may  be  at  the  distance 
of  four  or  five  inches  from  each  other ;  then,  upon  working  the  machine, 
a  brush  will  be  seen  upon  the  point  attached  to  the  prime  conductor, 
while  a  star  will  be  seen  upon  the  other  point,  presenting  the  appearance 
as  if  the  conductor  gave  out  its  dectridty,  while  the  cushion  received  it. 
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TiMie  |ihfmwnen>  woe  at  ofiie  time  oonaidend  m  strong  acrgumenti  fta 
Smmt  4d  FxmikBMk'B  ihairy  of  dectrieitj. 

XMp.  3.  Patta^  nf  tke  eledne  Uyhi  through  nar^ied  mir.  —Fix  a 
vif«r  tominated  bf  a  fans  ball,  te  the  plate  P  of  an  air  pump ;  attach 
a  similar  ball  (by  a  shding  wire  A  B)  to  the  top  of  the 
rccaiTcr  R,  so  aa  to  bring  the  one  ball  over  the  other,  and 
at  the  distance  of  about  one  inch  apart.    Connect  the 
outer  ball  B  with  the  fvime  condnetor,  and  the.  bottom 
plate  P  with  the  insulated  cusfaian.    Upon  taming  the 
handle  of  the  machine,  a  oootinuoas  stresm  of  electzic 
light  will  psss  Ihim  the  positiTe  to  the  negatiYe  balL 
'While  no  light  is  exhibited  by  the  poritiye  ball,  a  beauti- 
ful luminous  atmosphere  entirely  suntmnds  the  negatiTe 
ball,  giving  the  appeanmee  of  a  fluid  in  the  act  of  psas- 
ing  out  of  the  one  bidl  and  entering  into  the  other.    By 
altering  the  distance  of  the  balls  from  each  other,  differ-         «.    ^ 
ent  aspects  may  be  given  to  the  dectrical  light 

Exp.  3.  Tfts  eUetrieai  aurora  bor^aUg,  —  Instead  of  the  receiyer  R  of 
the  Isst  ezpenment,  kt  a  glan  tube,  about  twenty  inches  long  snd  thxee 
inches  in  diameter,  be  used ;  and  instead  of  the  two  dischaiging  balls, 
let  two  points  be  substituted.  When  the  tube  is  exhausted  of  air,  and 
the  machine  is  worked  in  the  dark,  the  whole  length  of  the  tube  will  be 
one  sheet  of  violet  red  Ught ;  if  a  small  portion  of  air  be  admitted,  nu- 
nunus  fladia  will  issue  liom  the  points,  and  travcrM  the  tube;  when  a 
little  more  is  admitted,  these  flashes  will  appear  to  glide  in  a  serpentine 
miitfMr  down  the  Interiar  of  the  taba.  The  sueceaaon  of  luminous 
phetianiMia»ia  iwt»  bean  a  ilrihing  twwnblanee  to  the  aurara  borealis. 

An  mmvrm  JU9kf  sold  hf  SastnuMot  makers^  answera  very  well  for 
exhfthlag  these  phenomena* 

Exp,  4.  The  electric  spark  is  blue  when  transmitted  through  nitrogen. 

Exp,  6,  Passage  of  the  electric  light  through  the  Torricellian  v€umum, 
—  Seal  a  short  wire  within  one  end  of  a  glass  tube  about  82  inches  kmg ; 
attach  a  brass  ball  to  the  external  end  of  the  wire;  fill  a  dry  tube  with 
mercury,  and  invert  it  in  a  cup  of  mercury ;  a  vacuum  will  be  fivmed 
in  the  upper  part  of  the  tube ;  connect  the  ball  with  the  prime  con- 
ductor ;  turn  the  machine,  and  a  current  of  viokt-ookred  Hght  will  pas 
through  the  vacuum. 


MBCHANICAL  EFFECTS  OF  ELECTRICAL  POINTS. 

20.  When  the  electric  fluid  discharges  itself  from  a  pointed 
conductor,  a  rectction  or  recoil  is  produced,  which  may  be 
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used  to  give  motion  to  certain  delicate  pieces  of  mecbaniflm, 
in  the  same  way  as  fluids  are  employed  in  the  common  re- 
action machines. 

Exp,  1.  The  etee^rieal  wituL  —  Fix  a  pointed  tod  oi  the  prime  ood- 
ductor;  wock  the  machine;  bring  the  back  of  your  hand  near  to  the 
point,  and  you  will  distinctly  fed  the  electrical  wind  proceeding  from 
the  point. 

Bring  the  flame  of  a  candle  near  to  the  point;  the  flame  will  be  ex- 
tinguished by  the  electrical  wind,  chiefly  caused  by  the  repulsion  of  the 
electrified  air  from  the  point 

Exp,  2.  T%e  elecCrical  fy  toheeL  —  A  metal  croas 
turns  on  a  pivot  which  is  fixed  on  the  prime  conduct- 
or; the  points  of  this  croas  are  all  bent  in  the  same 
direction ;  when  the  machine  is  turned,  the  fiy  revolyes 
In  the  directions  of  the  airows  shown  in  the  figure;  that 
is,  contrary  to  the  direction  in  which  the  points  are 
bent. 

The  fly  is  sometimes  mounted  on  an  insulated  stand,  as  ahown  in 
Fig.  50. 

Ej^,  3.  The  electrical  orrery,  —  This  instructiye  and  elegant  piece  of 
apparatus  is  represented  by  Fig.  61 ;  where  S  represents  the  sun,  £ 


Fiff.49, 


5^-^* 


Fig.  61. 


F^iik 


the  earth,  and  M  the  moon.  The  «Brth  and  the  moon  turn  upon  the 
piyot  B,  and  the  sun,  with  the  earth  and  the  moon,  turn  upon  the  piYot 
A«  which  is  placed  in  their  oommon  centre  of  grarity.  The  p<nnt  A  C 
is  fixed  on  the  prime  conductor.  The  points  a  and  Q  are  so  placed  that 
all  the  pteees  revolTe  in  the  same  direction ;  that  is,  from  west  to  east. 

Exp,  4.  The  ehetrical  ineUned  plane.  —  Here  the  recoil  of  the  elec- 
trical discharge  from  the  points  causes  the  fly  to  roll  up  an  mdined  plane 
tamed  by  two  wins  A  B  md  C  D, 'supported  by  insulating 
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One  of  the  wires  is  connected  with 
the  prime  oonductcr  by  means  of  the 
chainCK. 

Exp.  6.  Bepvbum  of  a  Point.  — 
Bring  an  insniwtffd  point,  connected 
with  the  prime  conductor,  near  to 
the  electrical  swan,  (see  Exp.  10, 
p.  234 ;)  then,  instead  of  bong  at- 
tracted, it  will  be  repelled.    This  is 


J^.52. 


caused  by  the  repulsion  of  the  electrified  air  fiom  the  point. 

On  this  principle,  a  light  paper  wheel  may  be  made  to  revohe  upon 
a  painted  conductor  being  presented  to  its  «*il«- 

The  following  remarkable  experiment  depends  upon  the  same  prin- 
ciple :  — 

Pieces  of  phosphorus  are  put  into  the 
two  metal  cups  A  and  B  insulated  on 
glass  pillazs;  a  candle  C  Is  placed  ex- 
actly between  them ;  the  eup  A  is  con- 
nected with  the  prime  conductor,  and 
the  cup  B  with  the  insulated  cushion; 
when  the  machine  is  worked,  the  dectric 
wind,  blowing  fixim  the  positive  cup  A  to 
the  negative  cup  B,  causes  the  flame%>  fly 
towaids  the  cup  B,  and  to  heat  it,  so  as 
to  ignite  the  phosphorus. 

This  experiment  was  at  one  time  thought  to  be  a  dedded  argument 
in  favor  of  the  ringle  fluid  theory ;  but  the  phenomenon  may  be  satisfac- 
torily explained  upon  the  theory  of  two  distinct  fluids. 


Jfy.  58. 


PECULIAR  APPLICATIONS   OF  THE  PRINCIPLE  OF 

INDUCTIOlA 

21.  The  principle  of  indaction  has  already  been  explained; 
but  the  following  experiment,  made  with  the  electrical  ma- 
chine, will  render  it  more  apparent. 

Exp.  1.  Take  an  inanlatpd  metal  cylinder  B,  and  attach  small  pith 
bslls,  suspended  from  cotton  threads,  to  diffarent  parts  of  its  surface ; 
gradually  bring  an  electrified  body  A,  which  has  been  charged  with  the 
prime  conductor,  near  to  this  cylinder;  when  A  is  about  an  inch  irom 
the  conductor,  no  spark  having  passed  from  A  to  B,  the  pith  balls  at  tl  e 
extremities  C  and  B  divcne ;  at  £  and  F  the  divergence  is  less  than  it 
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18  at  C  and  B ;  and  at  or  near  the  centre  G  the  halls  do  not  diverge 
at  alL 

As  we  have  already  explained,  the  positive  fluid  is  driven  to  the  ex- 
tremity C,  and  the  xngative  fluid  is  drawn  to  the  extremity  D. 

When  A  is  withdrawn,  all  the  halls  fiall  hack  to  their  natural  position, 
and  the  pcsitiTe  and  negadye  fluids  on  the  conductor  B  reunite  and  re- 
turn to  their  natural  state —  all  dectricity  disappean. 

Before  withdrawing  A,  touch  the  extremity  C,  so  as  to  take  away  the 
positiye  fluid,  and  the  conductor  will  remain  diarged  with  negative  elec- 
tricity, and  so  on  as  described  in  the  experiments  given  at  page  222. 

Electricity  may  be  developed  by  induction  in  a  series  of 
insulated  conductors,  placed  in  a  line,  with  their  extremities 
in  order  near  to  each  other. 


77ie  Electrophorus. 

22.  The  electrophorus,  invented  by  Yolta,  depends  upon  the  principle 
of  induction ;  it  is  capable  of  retaining  for  a  considerable  time  the  elec- 
tricity developed  upon  its  non-conducting  surfiice  by  fiictun*  It  is 
composed  of  a  cake  of  resin  poured  into  a  circular 
metal  mould  or  plate  A  6,  of  a  disk  of  metal  a  a, 
a  little  Ifts  than  the  cake,  furnished  with  an  in- 
sulating handle  g.  The  cake  of  resin  is  electrified 
negatively  by  rubbing  its  snr&ce  with  a  cat's 
skin;  the  metal  disk  is  then  placed  upon  the 
excited  cake ;  we  then  touch  the  plate  with  the 
finger,  which  gives  us  a  spark  of  negative  electricity,  and  raise  it  by  the 
handle  ^,  when  it  will  be  found  charged  with  positive  el|ctricity ;  upoa 
touching  the  plate,  we  receive  a  spark  of  positive  dectriaif  • 

When  we  first  touch  the  metal  plate,  (while  in  contact  with  the  tbb- 
in,)  the  negative  electridty  is  taken  away  from  it,  owing  to  the  repul- 
sion of  the  negative  fluid  of  the  cake ;  now,  when  the  ]^te  is  raised  by 

21 
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the  insulating  handlft,  it  is  charged  with  positiTe  electxicity,  becaiise  the 
ncgatiye  fluid  had  been  taken  away  from  it,  while  the  poatiye  fltiid  in  it 
remained  by  the  attraction  of  the  negative  fluid  of  the  cake. 

As  the  cake  will  retain  itB  eleetridly  for  a  very  long  time,  any  num- 
ber of  sparks  may  be  taken  from  it  with  scarcely  any  diminution  of 
intensity. 

The  experiments  given  in  connection  with  Fig.  19,  page  222,  may  be 
explained  on  the  same  principle  as  that  of  the  electrophorus. 

Tate*8  Electrapharie  Machines. 

^3.  The  intensity  of  the  electricity  transmitted  to  the  con* 
ductor  by  the  electrophorus,  described  at  page  220,. depends 
upon  the  following  circumstances :  (1.)  The  size  of  the  plate  ; 
(2.)  The  completeness  of  the  contact  of  the  plate  ;  (3.)  The 
rapidity  with  which  the  strokes  are  performed. 

The  following  contrivances  will  give  power  to  the  instru- 
ment^  by  facilitating  the  opi^ration,  and  by  lessening  the  time 
required  for  performing  each  strdLC. 


DoubU-ixcting  EUctrophorus^  or  an  Electrophorus  capable  of 
producing  both  Kinds  of  JEHectricitg. 


24.  This  simple  amtrivance  va 
represented  in  Fig.  56.  L  N  is 
»  an  open  box;  LN  sheet  gutta 
percha  stretched  tight  over  its 
top ;  J  K  the  plate  of  the  elec- 
trophorus ;  £  F  a  strip  of  double 
gutta  percha  attached  to  the  plate 
for  the  purpose  of  lifting  it,  form* 
ing  a  loop  at  the  top  for  rcceiv> 


o 
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ing  an  insulating  rod  D  C,  which  may  be  a  rod  of  glass  or  a  stick  of  seal* 
ing  wax ;  O  C  H  a  bent,  insulated  wire,  terminated  with  knobs  G  and 
II ;  A  an  insulated  conductor  for  receiving  the  negatiye  electricity ;  B 
another  insulated  conductor,  for  receiving  the  positive  electricity ;  these 
conductors  are  placed  at  the  distance  of  six  or  eight  inches  from  the 
plate  J  K,  andHhe  length  of  the  wire  C  II  is  such  as  to  allow  the  knob  H 
to  come  into  contact  with  the  plate  J  K  at  the  same  time  as  the  knob 
G  comes  into  contact  with  the  conductor  A.  The  machine  is  worked  in 
the  following  manner :  — 
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Rub  the  BUi&ce  of  the  gutta  percha  with  a  piece  of  fbr  or  rablnf  s 
skin ;  place  the  plate  J  K  upon  the  excited  sheet,  taking  care  to  hold  it 
by  the  insulating  handle  C  D  ;  doprcss  the  handle  C  D,  until  the  knob 
H  comes  in  contact  vnth  the  plate  7  K ;  then  a  f^pork  of  negatiyc  elec- 
tricity will  be  transmitted  to  the  conductor  A ;  raise  the  plate  J  K  by 
means  of  the  insulated  handle  until  it  strikes  the  conductor  B  ;  then  a 
spark  of  positive  dectricity  will  be  transmitted  to  the  conductor ;  and 
80  on  to  an  almost  indefinite  number  of  times.  The  action  of  the  ma- 
chine simply  consists  in  raising  and  depressing  the  hand. 

It  will  be  observed  that,  at  each  upward  stzokc,  the  knob  G  is  raised 
from  the  conductor  A  before  the  plate  J  K  is  lilted  off  the  gutta  percha. 

The  conductors  A  and  B  may  be  used  in  the  same  way  as  the  con- 
ductors of  an  ordinary  electrical  machine  —  that  is,  for  charging  jaM,  && 

Fig.  67  represents  another  form  of 
this  machine,  which  possesses  some 
advantages  over  that  just  described. 
J  K  represents  the  plate ;  A  and  B 
the  conductors,  already  described; 
E  F  an  insulating  handle,  of  sealing 
wax,  or  glass  covered  with  sealing 
wax,  ceiftented  into  a  metal  tube 
F  B,  which  is  fixed  to  a  smaller 
tube  a  coming  in  contact,  time  after  ^' 

time,  with  the  plate  J  K ;  this  tube  a  works  smoothly  on  a  brass  rod  « 
fixed  to  the  plate  J  K,  having  a  stop,  or  small  lim,  at  its  top,  for  the 
Iiurpose  of  stopping  the  ascent  of  the  small  tube  a ;  F  Q  ia  a  wire  fixed 
to  the  tube  F  D,  and  terminated  by  a  knob  G.  By  this  contrivance  the 
rod  F  G  admits  of  an  up  and  down  motion  upon  the  pin  0,  at  tic  same  * 
time  that  the  plate  J  K  admits  of  being  lifted  off  the  gutta  percha.  The 
machine  is  worked  in  the  following  manner :  —  ^ 

Hold  the  plate  by  the  handle  £,  and  place  it  upon  the  excited  ^tta 
percha  L  N,  (see  Fig.  66  ;)  depress  the  handle  E  until  the  knob  G  comes 
iiHo  contact  with  the  conductor  A,  and  a  spark  of  negative  electricity 
will  be  transmitted  to  it ;  raise  the  handle  until  the  knob  G  oomes  into 
c(hitact  with  the  oonductor  B,  and  a  spark  of  paeitiYe  dectncity  will  be 
transmitted  to  it ;  and  so  on,  as  before  described. 

Single-acting  Electrophorus. 

25.  The  plates,  with  their  peculiar  appurtenances,  just  described,  may 
be  employed  with  great  advantage  in  tiie  place  of  the  simple  insulated 
plate  described  at  page  220.  The  contrivances  connected  with  these 
plates  enable  the  operator  to  perform  each  stroke  more  rapidly,  leaving. 
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at  the  iame  time^  his  left  luood  free  to  be  uaed  in  any  matter  Teq[ii2Z]ng 
his  attention.  All  that  is  required  in  the  application  of  these  plates  to 
the  oommon  sheet  dectrophorus  is  simply  to  haye  a  conductor  placed  so 
as  to  come  in  contact  with  the  kndb  G  at  the  moment  the  x^ate  J  K 
lalls  upon  the  ezdted  gutta  percha. 

IHsgmsed  EUchieUy.     Condensers. 

26.  If  a  conductor  connected  with  the  groand  be  broaght 
near  to  one  extremity  of  another  conductor  chaiged  with 
electricity,  then  the  quantity  of  the  electric  fluid  at  that  ex- 
tremity will  be  considerably  increased.  This  fact  is  just 
what  we  should  have  anticipated  from  the  peculiar  properties 
of  the  electric  fluid. 

Let  A  B  be  en  insulated  plate 
charged  with  electricity,  (say  with  ■(- 
electricity ;)  A'  B'  another  plate,  con- 
nected with  the  groimd  by  means  of 
the  chain  F'  O'.  Connect  A  B  with 
the  prime  conductor  by  means  of  the 
jointed  discharger  G  H  F ;  remove  the 
jointed  discharger :  then  A  6  will  be- 
come charged  with  positive  electricity, 
which  will  have  the  Eame  intensity  as 
that  of  the  prime  conductor ;  bring  the 
plate  A'  B'  near  to  the  charged  plate 
A  B  :  then  the  electricity  on  its  sur- 

fkce  will  be  considerably  increased.  For  whilst  the  positive  electricity 
of  A  B  pcpel^the  poative  electricity  of  A'  B',  at  the  same  time  it  at- 
tracts its  negative  electricity ;  but  this  negatiye  fluid,  accmnulated  on 
the  plate  A'  B^  in  its  turn  reacts  upon  the  plate  A  B,  by  attracting 
more  of  the  positive  fluid  in  it  towards  the  sur&ce  nearest  to  the  plsle 
A'  B' ;  this  increase  of  fluid  on  the  nlate  A  B  produces  a  further  action 
upon  the  plate  A'  B',  and  so  on  to  an  indefinite  series  of  actions  and 
reactions.  The  negative  fluid  accumulated  in  A'  B'  is  called  disffuise4 
electricity,  for  it  cannot  be  detected  by  any  ordinary  means ;  it  is  re^ 
tained  or  held  there  entirely  by  the  attraction  of  the  positive  fluid  in 
A  B.  The  plate  A'  B'  is  called  the  condensing  platf,  and  A  B  the  ool^ 
hcting  plate.  An  instrument  constructed  on  this  principle  is  called  the 
condenser. 

This  principle  of  disguised  electricity  may  be  readily  established  by 
experiment. 


Fiff.  58. 


BLECTRICITT. 


245 


Exp,  1.  Let  the  chaiged  plate 
A  B  be  connected  by  a  chain  iKrith 
the  insulated  balls  F,  and  the  in- 
sulated plate  A'  B'  with  the  insu- 
lated balls  F'.  First  chaxge  the 
plate  A  B,  (say  with  positiye  ele&- 
tricity  :)  then  the  balls  F  will  di- 
verge ;  bring  the  plate  A'  B'  near 
to  A  B :   then  the  electricity  in 


A' 
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Fig.  69. 


A'  B'  will  be  decomposed,  and  the 
balls  will  diverge.  '  Touch  A'  B'  with  the  finger  so  as  to  carry  away  its 
positive  electricity  set  free :  then  the  balls  F'  will  immediately  cease  to 
diverge,  and  the  balls  F  will  have  now  only  a  very  feeble  divergence. 
The  negative  electricity  in  A'  B'  exists  in  a  dUguUed  state.  Withdraw 
A  B  and  A'  B'  from  each  other,  taking  care  not  to  touch  them  :  then 
immediately  the  balls  diverge  —  those  at  F  with  positive  electricity,  and 
those  at  P  with  negative.  Bring  the  plates  again  near  to  each  other, 
and  the  divergence  of  the  bells  P  again  ceases,  and  that  of  F  diminishes. 
The  negative  fluid  of  the  plate  A'  B.'  is  again  disguised,  and  the  pofdtive 
fluid  is  partly  withdrawn  from  the  extremity  F  towards  the  extremity 
A  B  by  the  attraction  of  the  negative  fluid  in  the  plate  A'  B^ 

These  facts  enable  us  to  give  a  satisfactory  explanation  of 
the  principle  of  the  condenser,  of  the  electroscope,  and  of  the 
Lejden  jar. 

7%e  Condemer. 

"  27.  The  condenser,  the  principle  of  which  has  just  been 
explained,  is  used  to  detect  the  presence  of  electricity  where 
it  is  so  very  small  as  to  require  it  to  be  collected  and  oon« 
densed  before  it  will  affect  the  electroscope. 


It  oonsists  of  two  disks  of  metal  b  h  and  c  c,  whose 
touching  Burfacei  are  polished  and  covered  over  with 
a  thin  coat  of  varnish  or  samie  non-oonducting  sub- 
stance; the  upper  plate  ia  the  collector,  and  the 
lower  one  the  condenser;  the  condenser  stands  on 
an  insulating  glass  pillar  n,  and  the  collector  has  an 
insulating  handle  m  attached  to  it,  by  which  it  may 
be  lifted ;  a  brass  wire  a  b  with  a  knob  a  is  fixed  to 
the  imder  nde  of  the  condensing  plate,  for  the  purpose  of 
with  the  ground. 

21* 


Fig.  60. 
connecting  it 
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The  appamtua  is  Uiua  used :  Place  tlie  body  whose  electiicit;  ii  to  to 
examined  in  connection  widi  the  coUector  ec ;  touch  the  ball  a  widi 
the  finger,  and  after  having  token  it  away,  guddenl;  iai«e  the  coUector 
by  the  glaffi  handle  m,  and  the  electricity  of  the  body  under  examina- 
tion will  have  kociunulatcd  itielf  in  the  collector,  and  the  oppoate  fluid 
will  be  (bund  in  the  condenser ;  preiKiit  the  collector  to  any  delicate 
electicaaope  oi  electmmeter,  and  'the  accumulated  electricity  will  be 
tmdoed  a[f>aieiit>    The  rttiono^  of  thi>  proceaB  hsa  already  beoi  ex- 

28.    ELEGTltOSCOPeS  AKD    ELECTROJCETES8. 

There  are  a  great  Tariety  of  electmecopa.  For  all  ordinary  purpo«^ 
tlie  piih  ball  clectiascope,  refoesented  in  Tt%.  3,  or  that  deKiibed  at  page 
214,  is  quite  sufficient.  But  iu  pursuing  many  electrical  inquiries,  we 
require  instruments  of  more  delicacy,  or  of  more  durability. 

In  order  to  raider  dectroscojuc  inBtrumenta  mca^  senntivo  and  mns 
accuratCi  the  two  light  bodies  are  suspended  ftom  a  metal  rod  and  en- 
ckned  in  a  glass  bdl,  and  the  extremity  of  the  rod  (which  is  either  a 
knob  or  a  plate)  is  to  be  touched  with  the  electrified  rabatance.  The 
light  bodic*,  thus  nspaided,  are  cither  pith  balls,  as  shown  in  Fig.  61, 


Kj.  Bl. 


Fig.  62. 


or  two  gold  leaves,  as  in  Bennet's  electrometer,  or  tin  gold  haf  eleetnm- 
eter,  shown  in  Figs.  flZ  and  63.  In  Fig.  62,  two  knobt  A'  and  B'  are 
placed  on  each  rade  of  the  gold  learea  //,  so  that  when  the  leavea  di- 
verge too  strongly,  they  impinge  upon  the  knobs,  and  are  thus  dis- 
charged of  their  clectridty;  this  ctrntrirance  prevents  the  leaves  &om 
being  torn  by  adhering  to  the  odes  of  the  ghsa  bell. 

In  ordti  to  ioiulale  the  electiidty  given  to  the  cap  or  plate  K,  the 
metal  rod  carrying  the  gold  leavos  passei  through  a  glass  tube,  which  is 
cemraited  to  a  ferrule  on  the  plate  A  B,  ctodng  the  top  of  the  ^aas 
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cover.  (See  Fig.  63.)  This  plate  is  sca^wed  upon  the  ghiss  cover,  so  that 
the  leaves  may  be  placed  within  the  glass  without  injuring  them.  The 
gold  leaves  are  attached  to  the  lower  extremity  of  the  metal  rod,  simply 
by  the  adhesion  of  gum.  Before  using  any  electrometer,  it  is  important 
that  all  its  parts  be  perfectly  dry,  and  that  the  suziounding  air  be  warm 
and  free  from  moisture. 

To  use  the  gold  leaf  electroscope :  Bring  an  excited  glass  tube  near  to 
the  cap  K,  and  the  gold  leaves  will  diverge  with  positiTe  electricity, 
because  the  positive  fluid  of  the  glass  drives  the  positive  fluid  of  the  cap 
into  the  gold  leaves.  Excited  scaling  wax  brought  near  to  the  cap  will 
catise  the  leaves  to  collax)8e. 

The  following  is  the  best  method  of  using  the  simple  gold  leaf  elec- 
trometer represented  in  Figs«62  and  63  ;  for  it  causes  the  gold  leaves  to 
be  permanently/  divergent*  Electrify  a  stick  of  sealing  wax  ;  hold  the 
electrified  wax  very  near  to  the  cap  K,  without  touching  it ;  the  gold 
leaves  will  diverge  from  each  other  on  the  principle  of  induction,  with 
the  same  electricity  as  the  wax,  that  is,  with  negative  electricity ;  touch 
the  cap  with  the  finger,  and  the  gold  leaves  instantly  collapse ;  Jirtt  re- 
move the  finger,  then  the  electrified  body  and  the  gold  leaves  will 
remain  permanetUly  divergent,  with  an  electricity  opposite  to  that  of  the 
wax ;  that  is,  with  positive  electricity.  Now  bring  an  electrified  glass 
tube  near  to  the  cap  K,  and  the  divergence  of  the  leaves  will  be  in- 
creased, because  the  gla<»,  being  positive,  will  drive  more  of  the  positive 
fluid  into  the  gold  leaves.  After  taking  the  glass  rod  away,  bring  elec- 
trified brown  pax)er  near  the  cap  of  the  electroscope ;  the  divergence  of 
the  gold  leaves  will  be  decreased,  because  the  brown  paper,  being  nega- 
tive, will  drive  the  negative  fluid, into  the  gold  leaves,  thereby  neutral- 
izing the  positive  fluid  at  first  in  them. 

It  should  be  observed  that  wheK  the  charge  of  the  leaves  is  temporary ^ 
the  electricity  is  the  same  as  the  excited  body;  but  where  the  charge  is 
permanent,  as  in  the  preceding  cose,  the  electricity  is  of  an  opposite  kind. 

Experiments  with  the  Gold-leaf  Electroscope. 

Exp.  1.  Strike  the  cap  of  the  electroscope  with  a  warm  silk  handHb- 
chief;  the  leaves  will  diverge  with  negative  electricity.  Verify  th^Vy 
bringing  an  excited  stick  of  sealing  wax  near  to  the  cap. 

Exp.  2.  Excite  a  silk  ribbon ;  bring  it  near  to  the  cap  of  the  electro- 
scope; the  leaves  instantly  diverge:  excite  a  glass  rod;  bring  it  also 
near  to  the  cap ;  the  divergence  of  the  leaves  is  diminished,  thereby 
showing  that  the  electricity  of  silk  is  negative. 

Exp.  3.  Rub  a  roll  of  brimstone  with  a  laeoe  of  warm  flannel,  hold 
the  excited  brimstone  near  to  the  cap  of  the  etectrosoope^  tooch  the  cap 
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with  the  ftnger ;  JhwC  take  away  the  finger,  and  then  the  biimstoine ;  the 
gold  leavea  will  remain  permanently  divergent  with  poeitiye  electricity. 
Verify  this  by  bringing  an  excited  stick  of  sealing  wax  near  to  the  cap. 

Exp,  4.  Place  a  tin  yessel  containing  water  on  the  cap  K  of  the  dec- 
troacope,  (aee  fig.  63  ;)  drop  a  red  hot  cinder  into  the  water ;  the  leaves 
will  instantly  diverge.    Here  the  escape  of  steam  generates  dectridty. 

TTte  jfoU-ietff  eondennng  eke^roecope,  rgxresented  in  Fig.  64,  simply 
conssts  in  the  iq>plicatian  of  the  condenser,  de- 
acribed  at  page  240,  to  the  gold  leaf  electroscope. 
Here  e  c'  is  the  collecting  plate,  with  its  glass 
handle  m,  placed  upon  the  plate  of  the  electro*  « 

scope.  In  order  to  render  this  instrument  more 
delicate,  the  glass  bell  of  the  ordinary  eledro- 
Bc<^e  is  enclosed  by  a  glass  case,  into  which 
some  chloride  of  calcium  is  put,  with  the  view 
of  absorbing  any  moisture  which  may  be  in  the 
circun^acent  air. 

The  degree  of  divergence  of  the  gold 
leaves  only  gives  us  a  rude  idea  of  the 
intensity  of  the  electricity  with  which 
an  excited  body  is  charged;  for  the  di- 
vergence is  not  exactly  in  proportion  to 
the  intensity  of  the  charge.     These  in- 

Fia  64 

struments,  therefore,  should   be   called  ^'     ' 

Metroscopes  rather  than  electrometers.  The  name  of  elec- 
trometer should  only  be  given  to  such  instruments  as  Cou- 
lomb's balance,  which  afford  us 'the  means  of  exactly  com- 
paring the  electrical  Intensities  of  any  two  bodies. 


I 


OUA% 


Tke  needle  eUctrometer^  represented  in  Fig.  65,  is  a  rod 
or  needle  balanced  on  a  point,  having  pith  balk  fixed  to 
its  extremities. 

iffHlomVt  torsian  electrometer.  —  For  ordinary  pur- 
poses, the  instrument  represented  in  Fig.  66  will  be 
found  exceedingly  useful.  A  small  disk  of  gilt  paper  C  ^^' 
is  attached  to  the  end  of  a  needle  of  gum  lac  or  sealing  wax ;  the  needle 
is  suspended  by  a  thread  of  sealing  wax  K  D,  after  the  manner  de- 
scribed at  page  214,  and  placed  within  a  glass  jar  or  bottle,  as  shown  in 
the  figure ;  passing  through  the  side  of  the  jar,  and  on  a  level  with  the 
needle,  is  a  brass  wire,  terminated  with  gilt  balls  A  and  B.  To  use  the 
instrument,  turn  the  knob  K,  if  neoeasary,  so  as  to  bring  the  disk  C  in 
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Fig,  66, 


contact  with  the  ball  B ;  touch  the  ball  A  with  the  elec- 
trified body ;  then  C,  being  electrified  in  the  same  way 
as  B,  will  be  repelled,  and  the  angle  of  torsion,  or  twist, 
will  indicate  the  force  of  repulsion,  or,  what  is  the  same 
thing,  the  relative  amount  of  electrical  charge  given  to 
A.  It  will  be  observed  that  the  force  requisite  to  twist 
a  thread  is  in  proportion  to  tlie  angle  over  which  the 
needle  is  moved,  so  that  the  angle  of  deflection  is  a  true 
measure  of  the  electrical  repulsion. 

In  comparing  the  intensity  of  two  electrified  surfaces,  it  is  necessary 
that  we  should  employ  a  proof  plane,  (which  is  a  round  piece  of  gilt 
paper  fixed  to  the  end  of  a  rod  of  sealing  wax  or  shell  lac,)  for  the  pur- 
pose of  transferring  the  charges  of  electricity  from  the  electrified  surface 
tathc  bull  A  of  the  electrometer. 

It  is  obvious  that  the  torsion  electrometer  may  be  used,  like  the  gold 
leaf  electit)scope,  for  ascertaining  whether  a  body  is  positively  or  nega- 
tively electriiied. 

Fig.  67  represents  the  form  usually  given  to  the 
torsion  eleotiometcr,  where  the  thread  b  B,  support- 
ing the  needle  b  d,  passes  through  a  tube  mounted 
on  the  glass  jar  A.  The  circumference  of  the  jar 
is  divided  into  degrees,  the  zero  point  being  oppo- 
site to  the  ball  to  which  the  dectiicity  is  trans- 
ferred, so  that  the  angle  through  which  the  needle 
is  repelled  may  be  at  once  seen.  The  needle  is 
usually  supported  by  a  fine  thread  of  silver,  about 
two  feet  long,  fixed  at  the  top  of  the  tube  to  a 
brass  piece  c,  which  admits  of  being  turned  tightly 
round  the  cap,  which  is  also  of  brass,  and  fixed  to 
the  tube  itself. 


Fig.  67. 


By  means  of  the  torsion  electrometer, 
Coulomb  proved  that  the  law  of  eleotrical 
attraction  and  repulsion,  as  influenced  by 
distance,  is  the  same  as  the  law  of  gravitation ;  that  is,  in- 
versely as  the  square  of  the  distance.  He  also  determined 
the  law  regulating  the  distribution  of  the  electric  fluid  on  the 
Burfaoes  of  conductors. 


f 
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THE  LEYDEN  JAR  AND  ELECTRICAL  BATTERY. 

29.    EXPERIKBNTS   WITH   A   SINGLE   LEYDEN   JAB. 

Esep.  1.  To  give  an  eleetrieal  thoek*  —  Charge  the  jar  after  the  manner 
deocribed  at  page  228  ;  grasp  the  outside  of  the  jar  -with  one  hand,  and 
touch  the>knob  of  the  jar  ndth  the  other  hand,  and  an  electric  shock  will 
be  fclL  Care  should  be  taken  that  the  jar  is  not  too  strongly  charged. 
Gcncralljr  speaking,  about  half^  dozen  good  sparks,  transmitted  to  the 
knob  of  the  jar,  will  be  a  sufficient  charge  for  giving  any  person  a  shock. 

A  shock  may  be  given  to  any  number  of  persons  at  the  same  time. 
Let  them  fbrm  themselves  into  a  ring,  by  taking  hold  of  each  other's 
hands ;  let  the  first  person  grasp  the  outside  coating  of  a  jar  which  his 
been  charged,  and  then  let  the  last  penon  in  the  ring  touch  the  knob  of 
the  jar ;  the  whole  of  the  persons  forming  the  ring  will  instantaneously 
receive  the  shock.  The  number  of  the  persons  forming  the  ring  does 
not  appear  to  affect  the  intensity  of  the  shock. 

Exp*  2.  To  show  the  atrikmg  distance  of  the  spark  at  discharfft(. — 
Touch  the  outude  coating  of  a  charged  jar  with  one  ball  of  the  jomted 
discharging  rod ;  gradually  bring  the  other  ball  towards  the  knob  of  the 
jar ;  then,  when  they  have  come  sufficiently  near  to  each  other,  the  elec- 
tric spark  will  pass  from  one  ball  to  the  other  with  a  snapping  noise. 
The  distance  at  which  the  discharge  takes  place  depends  upon  the  siiee 
of  the  jar  and  the  intensity  of  the  charge. 

Exp.  3.  To  show  the  tnanner  in  which  a  Jar  becomes  charged*  —  Place 
a  common  Leyden  jar  upon  the  insulated  stool,  and  faring  the  knob  within 
striking  distance  of  the  prime  conductor ;  turn  the  machine,  and  it  will 
be  found  that  the  jar  cannot  be  charged  when  its  outside  coating  is  thus 
insulated :  now  bring  your  knuckle  near  the  outside  coating  of  the  jar ; 
then,  for  every  spark  of  positive  electricity  which  pasBos  to  the  interior 
coating  of  the  jar,  a  corresponding  spark  of  positive  electricity  will  pass 
from  the  outside  coating  to  the  luiuckle.  The  positive  electricity  is 
driven  off  from  the  outside  coating  on  the  principle  of  induction,  while 
the  negative  electricity  is  hdd  in  a  disguised  condition  on  the  outside 
coating  by  the  attraction  of  the  positive  electricity  accumulated  on  the 
inside  coating.  Hence  it  appears,  that  when  the  infide  coating  is 
charged  positively,  the  outside  coating  is  charged  negatively ;  and  that 
when  the  jar  is  being  disduffged,  the  two  opposite  fluids  rush  to  each 
other. 

Exp.  4.  To  charge  the  ittsidc  of  ajar  negativeig*  —  Place  the  jar  upon 
the  insulated  stool ;  bring  the  otftside  coating  of  the  jar  within  the 
striking  distance  of  the  spark  of  the  prime  oonductar ;  turn  the  machine^ 
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^id  M  tlia  amw  tinift  'PJAt  ^^  knticUs  to  the  knob  of  the  jar  i  then, 
Ibr  eraj  ^Mrk  of  ptx^Tc  elecBicitj  which  puaci  to  the  outude  coating, 
■  coiTCTpontfaig  spark  of  foaitiTe  elecbricitj  passes  &am  the  in*ide  coat- 
ing to  the  kaucUe,  and  thns  the  jar  irill  become  chArged  with  negative 
dactridtj. 

Elp.  6.    lb  a^ow  lAe  prindpU  of  diiguimd  thttricUy  tn  niatuHt  to  Iha 
Lijftlenjat,  —  Let  a  jsibe  placed  on  the  inmUating  atocl,  and  let  the 
ball  D',  aupported  bf  a  metal  piUar,  communicate  with  the  outer  coating 
of  1^  jar.     Suspend  a  ball  of  coik  F,  b;  a  linen  thread,  midway  be- 
tween the  knob  D  of  tlie  jar  and  the  ball  D',  communicatii^  with  the 
ground  bj  a  metd  lAain  K.     Chai^  the  Jar  after  the  manno'  deBCTibed 
in  Exp.  3 ;  then  the  ball  will  be 
'  attracted  to  D,  and,  owing  to  llie 
contact,  a  ceitaia  portion  of  posi- 
tive electiidty  will  pan  to  the 
ground  thiou^  K,  and  a  certain 
pcntion  <rf  positive  electricity  will 
nmain    ditguaed   on  the   inner 
codtiiig ;  F,  being  thus  lestored  to 
its  natural  state,  wDl  be  attracted 
to  the  ball  D',  owing  to  the  n^B- 
tive  dectrioity  aet  free  &om  the 
external  surface  of  the  jar :  when  I 
7  comes  in  contact  with  D',  a  j^f^,  50, 

cotun  portion  of  decCricity  will, 

in  like  manna,  pasa  off  from  the  outer  nirface  of  the  jar  throngb  the 
eondoctor  E,  end  then  a  certain  ptstion  of  negative  electricity  will  re- 
m^ditgaUedva  the  outer  coating;  F  will  then  be  again  attracted  to 
D  i  and  so  oo.  The  boll  F  may  continue  to  oecillate  between  the  two 
knoba  D  and  IV  fbr  sevttal  bouis ;  at  the  end  of  which  time  the  two 
ooatingB  will  hare  lost  Uuar  deetiiinty  by  this  sacGaston  of  small  dis- 

Tbe  apparatus  leptcaoited  in  Fig. 
89  is  intended  to  ilhntrate  the  ssme 
pindple.  The  inanlated  balls  on  F 
ore  in  connectian  with  t]w  innv 
coating,  and  those  on  F'  are  in  con- 
nectim  with  the  outer  coating. 
Cbaige  the  jar  afto'the  n 


scribed  in  Exp.  3 ;  thai  the  balls  F 


Fig.  69. 


will  diverge  with  pontive  electricity, 

and  the  negative  electricity  will  be  bdd  in  a  ^tgttited  state  on  the  outer 

coating.    Touch  the  knob  D,  and  the  balls  F  will  coll^ae,  while  the 
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balls  F'  will  diverge ;  the  pontiTe  electricity  is  now  in  a  di$ptU$ed  state, 
Trhik  the  negative  is  free;  and  so  on,  until  all  the  fltdd  is  taken  frdm 
the  jar. 

Etp.  6.  To  make  a  jm  cut  of  a  common  viaL  —  Fit  a  cork  to  the 
vial,  and  pass  a  wire  through  it,  reaching  ncarlj  to  the  bottom  of  the 
vial ;  pat  a  knob  on  the  oater  eztzemitj  of  the  wire ;  half  fill  the  vial 
with  water,  and,  after  carelully  drying  the  outside^  put  the  ooik  with 
its  wire  in  its  place ;  grasp  the  outside  of  the  vial  with  one  hand,  and, 
after  having  taken  a  few  sparks  from  the  prime  conductor  to  the  knob^ 
touch  the  knob  with  the  other  hand,  and  you  will  receive  an  electric 
shock.  • 

Here  the  hand  answers  the  purpose  of  the  external  ooating  of  the 
Leyden  jar,  and  the  water  that  of  the  internal  coating. 

Etp.  7.  The  electrical 
eporteman,  —  This  consists  of 
a  jar  J  connected  with  the 
figiu%D  of  a  sportsman,  who 
is  supposed  to  be  in  the  act  of 
shooting  some  birds  flying 
over  the  ball  A.  The  knobs 
A  and  B  are  connected  with 
the  inner  .coating  of  the  jar, 
and  the  knob  C  at  the  ex-  Fiff.  70. 

tremity  of  the   sportsman's 

gun  is  connected  by  a  wire  going  down  the  figure  with  the  outer  coating. 
The  figure  admits  of  being  turned  round  upon  a  pin.D  at  its  foot.  Some 
light  substances,  cut  in  the  shape  of  birds,  are  suspended  by  cotton 
threads  from  th%  ball  A.  Charge  the  jar ;  the  birds  appear  to  fly,  owing 
to  their  mutual  repulsion ;  turn  the  sportsman  round  until  you  bring  the 
muzzle  C  of  lus  gun  within  striking  distance  of  the  spark ;  at  the  mo- 
ment the  snap  and  spark  of  discharge  takes  jilace,  the  pith  bixds  appear 
to  fall  down  as  if  they  were  shot. 

Exp.  8.  To  ignite  cotton*  —  Tie  a  bit  of  cotton,  mixed  with  a  little 
powdered  resin,  on  one  of  the  knobs  of  the  jointed  discharger ;  place  the 
other  knob  in  contact  with  the  outer  coating  of  a  charged  jar ;  bring  the 
knob,  covered  with  the  cotton,  within  striking  distance  of  the  knob  of 
the  jar :  and  the  spark  will  ignite  the  cotton. 

Exp*  9.  To  perforate  a  card* — Hold  a  dry  peoe  of  card  paper  in  con* 
tact  with  one  of  the  knobs  of  the  jointed  discharger ;  discharge  the  jar 
through  the  card  paper,  and  it  wiU  be  found  to  be  perforated  by  the  pas- 
sage of  the  spark. 

Dischargethejar  through  three  or  four  pieces  of  card  paper,  or  through 
about  a  dosen  sheets  of  writing  paper. 
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Tba  bole  in  the  ftpa  will  be  alwayi  found  to  be  buned  equiUy  on 
•acb  aide,  m  if  the  dectiic  fluid  had  come  from  the  middle  of  the  cud. 

Eip.  10.  T%t  magie  piciurt.  —  Thii  is  simply  k  pane  of  glass  placed 
in  a  frame,  and  corered  col  both  sides  with  tin  foil  within  a  few  inches 
of  the  edges.  It  answers  the  same  purpoae  as  the  Leyden  jai.  Charge 
one  side  of  the  plate  after  tbe  manner  described  in  Exp.  3 ;  dischaige 
the  plate  in  the  usual  way. 


/v.  71. 


Fif.7i. 


Exp.  II.   The  tUetriif  ptitdulam.  —  Hehe  an  electric  penduhun  of 
le,  wHh  pith  balls  at  the  end  of  h,  as  represented  in  Fig.  72.    Bnl- 

eetihe  pendulum  on  the  edge  of  a  charged  plate  of  glass;  Ibependu- 
n  will  vibrate ;  the  balls  alto^iately  mike  the  plate. 


ELECTRICAL   BATTERIES. 

SO.  An  aleetrioal  battety  is  ibrmed  wheu  sev«al  Jare  are 
mUed  togelbsr,  by  eaUiblisbing  a 
metallic  connection  between  all 
their  inner  coatinga,  and  a  umi- 
lar  connection  between  all  their 
out«r  coatings.  The  jam  «n 
placed  in  a  woolen  "bar  lined 
with  tin  foil,  upon  vfaieh  the  jara 
stand,  and  which  forms  the  con- 
nection between  all  the  outer 
coatings;  the  inner  coatii^^s  com- 

moDitaM  together  bi^meana  of  meidroda,  wluch  oMiaect  the 
22 


t» 


254 


KATURAL  AKD  EXPBBnfBNTAL  PHILOSOPHY. 


various  knobs  of  the  jars  together.  The  battery  is  usuallj 
discharged  bj  means  of  a  chaiiiy  which  has  one  of  its  extrem- 
ities Axed  to  the  tin  foil  of  the  case,  and  the  other  extremity 
attached  to  the  knob  of  a  discharging  rod. 

It  always  requires  time,  even  with  a  good  machine,  to  chaige  a  laxge 
battery.    In  order  to  acoeletate  the  operation,  a  peculiar  oantDranee^ 
represented  by  Fig.  74, 
has  been  adopted,  called        ^' 
charging  by  ctucade.  Here 
each  jar  of  the  battery  is 
placed  upon  an  insulating 
stool,  and  the  knob  of 
each    is    comiected    by 
means  of  a  chain  C  with  ^^'  ^** 

the  outer  coating  of  the  preceding  one ;  the  knob  D'  of  the  first  jar  A' 
is  comiected  witii  the  prime  conductor,  and  the  outer  coating  of  Uie  last 
A^  is  connected  with  tiie  ground  by  means  of  the  chain  I).  When  the 
machine  is  worked,  the  poeitiTC  electricity  fiom  the  outer  coating  of  AS 
in  place  of  being  driven  away  into  the  ground,  serves  to  charge  A',  by 
passing  into  its  inner  coating ;  in  like  manner,  the  positive  electricity 
driven  off  from  the  outer  coating  of  A'  serves  to  chazge  A';  and  so  on, 
until  the  positive  electricity  is  carried  away  from  the  outer  coating  of  tlvs 
last  jar  into  the  ground  by  means  of  the  diain  D. 

The  battery  is  discharged  by  coonecting  D  with  IV. 


DISCHARGINO  ELECTROICBTERS. 

31.  In  these  electrometers,  the  intensity  of  the  electric!^ 
is  measured  by  the  length  of  the  spark  at  the  instant  <^ 
discharge. 

Lanuts  di$chairging  eledrometer.  —  This  is  an  ordi- 
nary Lejrden  jar,  having  an  arm  e  d  e  attached  to 
thecondttcting  wire  ah;  the  horuftntal  pert  e  d  is  of 
glass,  coated  over  with  shell-lao ;  the  vertical  ^lart 
il  0  is  a  brass  rod,  having  a  ring  «,  in  which  the 
graduated  wire  m  o  slides,  and  terminating  in  a  knob 
o;  the  distance  between  the  knobs  o  and  6,  and 
consequently  the  length  of  the  spaik,  can  thus  be 
measured.  To  use  the  jar,  connect  the  extremity  m 
of  the  sliding  wire,  by  means  of  a  cham«  with  the         JPig.  75* 
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outer  coating  of  the  jar,  and  then  adjust  the  distance  between  the  Imobs 
o  and  b  to  suit  the  amount  of  charge  which  you  wish  to  give  to  the  jar. 
Bring  the  knob  6  near  to  the  prime  conductor,  and  continue  to  work 
the  machine  imtil  the  discharge  takes  place  between  the  knobs  b  and  o. 
If  the  knobs  6  and  o  are  placed  very  near  together,  the  intervening 
space  will  be  penetrated  by  the  spark  when  only  a  small  charge  has 
been  given  to  the  jar ;  but  if  the  distance  between  them  be  in- 
creased, then  a  more  powerful  charge  may  be  given  before  the  spon- 
taneous discharge  takes  place.  If  the  same  distance  between  the  balls 
o  and  b  be  retained,  then  the  discharge  will  always  take  place  when  the 
same  quantity  of  electricity  has  been  transmitted  to  the  jar.  This  jar 
may  be  used  to  test  the  relative  powers  of  two  electrical  machines;  in 
order  to  do  this,  you  pla«e  the  balls  o  and  6  at  a  certain  convenient  dis- 
tance firom  each  other :  then  that  machine  will  be  most  powerful  which 
causes  the  jar  to  be  discharged  with  the  least  number  of  turns  of  the 
handle. 

CtUhbertion'a  dUcharging  eUctrotne" 
ten,  —  This  apparatus,  represented  in 
Fig.  76,  eflEects  the  discharge  of  itself 
when  the  jar  or  battery  has  arrived  at 
the  limit  oi  its  charge. 

An  inwilftting  support  A  B  carries  a 
metal  rod  D  C,  turning  on  a  centre  at 
B  like  the  two  arms  of  a  balance.  This 
metal  rod  is  connected  with  the  inner 
coating  of  the  jar,  or  battery,  and  also 
with  a  quadrant  electrometer,  as  shown 
in  the  figure.  Below  the  knob  C,  at  a 
sufficient  distance  to  prevent  discharge, 
is  another  knob  £,  which  communicates  with  the  outer  coating  by  means 
of  the  chain  F ;  nearly  in  contact  with  the  knob  D  ia  another  knob  B', 
placed  at  the  extremity  of  a  metal  rod,  which  is  fixed  to  the  same  sup- 
port as  the  rod  D  C,  and,  being  in  metallic  communication  with  it,  is 
also  connected  with  the  inner  coating  of  the  jar  or  battery.  When  the 
jar  has  become  sufficiently  charged,  the  knob  D  is  repelled  firom  the  knob 
B',  and  the  knob  C  is  thereby  brought  nearer  to  the  knob  E  in  connec- 
tion with  the  outer  coating;  and  when  this  distance  is  within  the  dis- 
tance at  which  explosion  takes  place,  the  jar  or  battery  is  discharged. 

Fig.  77  represents  a  slightly  different  form  of  this  apparatus,  where 
L  is  a  sliding  ball,  which  enables  the  operator  to  give  a  more  perfect 
adjiistment  to  the  action  of  the  apparatus. 

Tke  balance  electrometer  simply  consists  of  a  common  balance  beam, 
with  a  scale 'hung  on  one  side  for  holding  weights,  and  a  gilt  piece 
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of  mood  linng  on  the  other  fiv  the 
puxpott  oi  being  applied  to  the  surface 
of  aa  eleetxified  body.  The  weight  ne- 
eenaiy  £ar  ovcnxmiiig  the  attnctioii  of 
the  dectafied  auiiaoe  on  the  gilt  piece 
of  wood  ia  taken  as  the  relatiTe  measure 
of  the  inteoaity  of  the  electricity  oa  the 
mabuot  of  the  dectzified  body. 


Fiff.  7T. 


MBCHANICAL  EFFECTS  OF  ELECTRIC  DI9CHAS6B8. 

32.  The  following  experiments  may  be  performed  with  a  angle  jar ; 
but  the  effectBi  in  most  cases,  will  be  more  staking  when  a  battery  ia 
used* 

Ejcp.  1.  TJie  tktmder  Aomss.  — This  apparatus  illns- 
trates  the  use  of  metallic  rods  as  a  protection  to  buildings 
from  the  effects  of  lightning,  and  also  shows  the  use  of 
poinUd  rods  as  tranquil  canducton  of  electricity.  The 
conductor  C  D  is  broken  at  A  and  B  by  two  little  square 
slips  of  wood  having  conducting  wires  passing  through 
them,  and  which  may  be  inserted  in  their  places,  either 
with  the  conducting  wire  broken,  as  at  B  in  the  figure^ 
or  with  the  conducting  wire  unbroken,  as  at  A ;  the  ball 
C  may  be  screwed  off  the  wire,  and  then  it  is  terminated  ^ 
by  a  poiiKL  Fig*  78 

To  use  the  apparatus,  first  let  the  ball  C  be  screwed  on 
the  top  of  the  conducting  wire,  and  let  the  square  sl^  be  placed  as  in 
the  figure ;  connect  the  extremity  D  of  the  conducting  wire  with  the 
outer  coating  of  a  charged  jar ;  place  one  knob  of  the  jointed  discharger 
withia  striking  distance  of  the  ball  C,  and  gradually  bring  the  other 
knob  of  the  discharger  within  striking  distance  of  the  knob  of  the  jar ; 
the  disruptiye  effect  of  the  charge  will  throw  out  the  slip  B,  while  A 
remaina  in  its  place. 

Perform  the  same  experiment  when  the  ball  C  is  taken  ofiT:  the  charge 
will  peas  quietly  through  the  point,  and  both  slips  will  remain  in  thdr 
place. 

Exp.  2b  Th€  eloetric  homhn  —  A  cavity  is  made  in  a 
block  of  wood  C,  and  closed  by  a  cork  D ;  two  wires 
A  and  B  pass  into  this  cavity,  having  their  points  about 
a  quarter  of  an  inch  asunder.  Now  connect  the  knob 
B  with  the  exterior  coating  of  a  jar  or  battery ;  and 
with  the  knob  of  the  discharging  rod  in  contact  with 
the  knob.  A,  discharge  the  jar  or  battery,  aad  the  cork  will  be  forcibly 
prqjected  from  the  cavity. 


'-^^>y 
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Fm  up  the  cavity  with  sand ;  transmit  a  charge  through  it ;  and  the 
passage  of  the  spark  will  disperse  the  sand  in  all  directions. 

Exp,  3.  Ditpernon  of  water.  —  Transmit  a  strong  charge  through  the 
fluid :  it  will  be  scattered  in  all  directions. 

Exp.  4.  To  perforate  glau.  —  Fill  a  vial  A  (see  Fig. 
80)  with  oil ;  close  it  with  a  cork,  through  which  a  wire 
B  passes,  having  its  lower  end  so  bent  that  its  point  shall 
touch  the  inner  sux&ce  of  the  vial.  Connect  the  extremity 
B  with  the  outside  coating  of  a  charged  jar ;  place  theknob  ~/Va.  80. 
C  of  the  jointed  discharger  opposite  to  the  point,  then  dis- 
charge the  jar,  and  the  spark  in  its  passage  through  the  glass  will  make 
a  hole. 

This  experiment  may  also  be  performed  by  suspending  the  vial  from 
the  prime  conductor  of  a  powerful  machine,  and  taking  the  spark  from 
the  point  by  bringing  a  brass  ball  opposite  to  it. 

Exp.  6.  To  break  tpood  and  glau.  —  Transmit  a  strong  charge  through 
a  stick  of  wood,  in  the  direction  of  its  fibres,  about  half  an  inch  thick : 
the  wood  will  be  split. 

Discharge  a  jar  or  battery  through  a  plate  of  window  glass,  after  the 
manner  described  at  page  252,  Exp.  9  :  the  glass  will  be  broken. 

Exp.  6.  To  rupture  aubetaneee  tohich  are  imperfect  condudora  of  elec- 
tricity. —  Place  several  dry  cards  together  between  the  knobs  of  the  uni- 
versal discharger ;  pass  a  strong  charge  through  them,  and  the  spark  will 
pierce  a  hole  through  them.  The  cards  will  have  a  peculiar  sulphxuous 
odor,  like  that  which  is  perceived  in  places  after  they  have  been  struck 
by  lightning. 

Thin  pieces  of  wood  may  be  ruptured  in  the  same  manner. 

Place  a  piece  of  dry  writing  paper  on  the  stage  of  the  universal  dis- 
charger, lay  its  knobs  on  the  pax)er,  at  the  distance  of  an  inch  and  a 
half  from  each  other ;  then  transmit  the  charge,  and  the  passage  of  the 
spark,  if  sufficiently  strong,  will  tear  the  paper  ssunder. 

Lay  a  piece  of  perforated  tin  foil  between  two  panes  of  glass;  fix  them 
tightly  together,  and  transmit  a  strong  charge  through  the  tin  foil :  the 
panes  of  glass  will  be  split  by  the  discharge. 

Exp.  7.  An  electrical  thermometer,  aometimee  called  a 
thermo-electroscqpe.  —  This  piece  of  apparatus,  represented 
in  Fig.  81,  is  intended  to  show  the  momentary  expansion 
of  the  air  produced  by  the  heat  of  the  spark  in  its  passage 
through  the  air.  A  is  an  air-tight  tube  communicating  with 
a  small  tube  B  which  is  open  at  the  top ;  a  and  b  are  two 
luiobs  attached  to  the  extremities  of  wires  passing  out  of  the 
tube ;  a  colored  liquid  below  the  level  of  the  knob  b  stands 
at  the  same  height  in  the  two  tubes.    When  a  charge  or     Fig,  81. 

22* 
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Spark  posBes  ttam.  a  to  6,  Uie  air  ia  A  expands  by  the  heat  developed 
by  the  passage  of  the  spark;  the  Uquid  in  A  wiU  therefore  fall,  while 
that  in  B  vill  rise.  The  strength  of  the  electric  chaige  ii  indicated  by 
the  amount  of  expansion. 


HEATING  EFFECTS   OP  ELECTRIC  DIBCHAROSS. 

33.   Exp.l.IffnMionofrennup(mvfaier.'^&paaklidBom/B]powd^ 
resin  on  the  surfftce  of  water  contained  in  a  cup;  oonneet  the  outer  coat- 
ing of  a  charged  jar»  by  neoos  of  a  chain,  with  the  water  in  the  cup  • 
dii»charge  the  jar,  by  causing  the  spark  to  pass  through  the  resin,  which 
will  instantly  ignite. 

Various  other  substances  may  be  ignited  in  a  stmihir  manner. 

Exp.  2.  Place  a  skein  of  cotton,  imjiregnated  with  any  resinotta  pow- 
der, on  the  stage  of  the  nnrrenial  discharger ;  pass  the  spark  through  the 
cotton,  and  it  will  be  ignited.  This  is  another  way  of  pcz&naiQg  Exp. 
8,  explained  at  page  252. 

Erp.  3.  Expkmon  of  gunpowder.  — The  igniting  power  of  an  dectric 
spark  is  increased  by  passing  the  charge  through  a  damp  conductor.  In 
this  way  we  are  enabled  to  fire  gunpowder,  which  cannot  be  ignited  by 
the  spark  under  ordinary  circumstances ;  place  some  fine  g^unpowder  isx 
the  wooden  cup  C,  (Fig.  79  ;)  carry  the  flmd  for  about  six  inches  along 
a  damp  thread  attached  to  that  arm  of  the  discharger  which  is  con- 
nected with  the  outer  ooadng  of  the  jar :  then  the  passage  of  the  spark 
from  the  end  of  one  wire  to  the  end  of  the  other  will  ignite  the 
powder. 

Here  the  moist  thread,  being  a  somewhat  imperfect  conductor,  retards 
the  passage  of  the  electric  fluid,  and  thereby  causes  the  discharge  to  take 
place  with  less  rapidity  than  it  would  otherwise  do. 

Exp,  4.  A  fine  wire  heated,  fnaed^  and  burned,  —  Stretch  a  fSsw  inches 
of  very  fine  harpsichord  wire  between  the  ends  of  the  universal  dis- 
charger, (see  Fig.  33  ;)  send  a  good  charge  through  the  wire,  and  it  will 
be  either  rendered  incandescent,  or  it  will  be  fused.  Hie  length  of  wire 
which  may  be  fused  depends  upon  the  sice  of  the  battery  and  the  inten- 
sity q{  the  charge.  A  battery  composed  of  half  a  dozen  ordinary  jars, 
and  fully  charged  by  a  good  machine,  will  readily  fuse  about  six  inches 
of  fine  harpsichord  wire. 

The  heating  effects  of  electrical  charges  on  different  metals  depend 
on  their  conducting  powers;  thus  platinum  and  iron,  which  are  bad 
conductors  of  electricity,  become  mor^  powerfully  heated  by  the  passage 
of  an  electrical  charge  than  gold  and  copper,  which  are  good  oon- 
ductors. 
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The  ihttnio-electxtMoope^  Tepretented  by  Fig.  82» 
dspends  upon  this  principle.  C  D  A  B  has  the 
ibnn  of  a  diffierential  thermometer;  a  platinum  wire 
passes  through  the  ball  C,  and  is  hermetically  sealed 
to  it  When  an  electric  charge  is  transmitted 
through  the  platinum  wire,  it  becomes  heated,  and 
this  causes  the  air  in  the  ball  C  to  expand,  which  is 
instantly  made  manifest  by  the  rise  of  the  liquid  in 
the  tube  A  B.  The  graduated  scale  on  A  B  ghres 
the  relative  heating  poweis  of  diiferent  charges. 
This  instrument  is  best  adapted  to  the  measurement 
of  the  heating  power  of  yoltaic  electricity. 

Exp,  5,  Ignition  and  fuMion  of  gold  leaf, — Plac 
a  stripof  gold  leaf  between  two  pieces  of  dry  paper; 
lay  them  on  the  table  of  the  uniyersal  discharger; 
pass  a  good  charge  through  the  gold  leaf,  and  it  will 
be  burnt.  Both  pieces  of  paper  will  be  covered  with 
a  purple  strip  of  oxide  of  gold ;  the  strip  has  a  grayish  tinge  when  the 
gold  leaf  contains  a  porfion  of  silver. 

Exp,  6.  Place  a  small  bit  of  gold  leaf  between  two  pieces  of  window 
glass ;  proceed  as  in  the  last  experiment,  and  the  gold  will  be  fused  into 
the  glass. 

Exp,  7.  Ignition  of  gilt  thread,  —  Stretch  a  gilt  thread  of  silk  be- 
tween the  extiemitieB  of  the  universal  discharger ;  send  a  charge  through 
the  thread,  and  the  electric  fluid,  in  its  passage,  will  bum  the  gilding, 
and  the  silk  will  remain  uninjured. 
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34.  The  sensation  of  a  spider^s  web  being  drawn  over  the 
face,  and  the  peculiar  phosphoric  odor  attending  the  transmis- 
sion of  electricitj,  are  amongst  the  most  ordinary  physiologi- 
cal effects  of  electricity.  When  a  strong^  electrical  charge 
passes  through  the  body,  it  is  accompanied  by  a  shuddering 
sensation  and  a  sudden  contraction  of  the  muscles,  which  is 
called  the  electric  shock,  (See  Exp.  4,  page  231.)  The  dis- 
cbarge from  a  single  jar  is  sufficient  to  destroy  the  life  of 
small  animals;  and  the  discharge  of  a  powerful  battery 
tftrough  the  head  of  a  large  animal  is  enough  to  kill  it 
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Bxjt.  1.  In  taking  a  diock  firom  a  jar,  interpoee  in  fiome  pait  of  the 
circuit  a  damp  rope :  then,  instead  of  the  usual  shock,  there  will  be 
merely  a  tingling  sensation  produced  at  the  tips  of  the  fingers. 

Exp.  2.  Place  the  head  of  a  live  mouse  between  the  wires  of  the  imi- 
venal  difcharger ;  send  a  strong  shock  through  it,  and  the  mouse  will  be 
instantly  killed. 

MAGNETIC   EFFECTS   OF  ELECTRIC   DISCHARGES. 

35.  Exp,  I.   Place  a  small  sewing 


needle  in  a  helix  or  spiral  fonned  of     1  (SIJ'W'jWMM^SMm  ^ 

copper  wire,  a  b,  (R^.  83,)   covered  •« — «■ 

over  with  silk ;  place  the  ends  of  the  Fiff,  83. 

helix  in  contact  with  the  arms  of  the 

universal  discharger ;  transmit  a  strong  charge  through  the  wire^  and  the 
needle  will  be  rendered  magnetic.  The  end  of  the  needle  which  lies  to 
the  right  of  the  electric  current  will  be  a  north  pole,  and  the  opposite 
end  a  south  pole. 

Exp,  2.  Eeverse  the  direction  of  the  needle  of  the  last  experiment; 
transmit  two  or  more  charges  of  electricity  through  the  heUx,  and  the 
poles  of  the  needle  will  be  reversed. 

The  magnetic  effects  of  common  electricity  are  very  feeble 
as  compared  with  those  of  voltaic  electricity.  The  explana- 
tion of  these  phenomena  will  be  given  in  connection  with  the 
subject  of  galvanism. 


CHEMICAL   EFFECTS   OF   ELECTRIC   DISCHABGES. 

36.  The  chemical  effects  of  the  ordinary  electric  currents, 
like  the  magnetic  effects,  are  comparatively  feeble.  The  fol- 
lowing experiments,  however,  show  that  ordinary  electricity 
really  possesses  a  decomposing  influence. 

Exp.  I.  Place  two  pieces  of 
tin  f(nl  <  <  on  a  dry  pane  of 
glass  G  G ;  on  these  pieces  of 
tin  foil  lay  platinum  wires,  bent 
in  the  manner  shown  in  Fig. 
84,  80  that  there  shall  be  a  ^*'^'  ^*-  * 

small  space  between  the  two  points  at  k,  where  they  touch  the  glass,  and 
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where  the  body  whieh  la  tobe  deoompoBed  is  placed;  Lay  the  glan  Q  O 
on  the  table  of  the  univenal  diflcharger ;  place  iita  two  knobe  on  the  tn 
foils,  and  connect  one  of  them  by  a  chain  and  a  moist  thread  with  the 
prime  conductor  of  the  machin%  and  the  other  with  the  insulated  cush- 
ion. Place  a  drop  of  a  solution  of  iodine  of  potassium  at  k^  between  the 
platinxun  pointa;  turn  themachixie,  and  after  a  short  time  the  iodine  will 
be  deposited  at  the  poaitiye  wize^  and  the  metallic  potassium  at  the  neg- 
ative wire.  Per0orm  the  same  expcximent  with  a  drop  of  a  solution  of 
sulphate  of  copper,  and  so  on. 

These  experiments  may  be  performed  with  more  delicacy  by  using 
blotting  paper  saturated  with  the  solutions ;  thus  paper  dipped  in  a  solu- 
tion of  iodine  in  alcohol  will  readily  give  a  blue  tinge  of  iodine  on  the 
paper  in  contact  with  the  positiTe  wire. 

The  decomposition  of  water  by  common  electricity  was  first  shown  by 
Wollaston. 

Sparks  discharged  for  a  length  of  time  through  the  air  of  a  closed 
Teceirer  cause  the  two  gases  in  the  air  to  combine  and  form  nitric 
add ;  in  this  way^  no  doubt,  nitric  acid  is  formed  in  the  atmosphere  by 
lightning.  , 

Exp,  2.  Place  a  fine  metal  point  in  connection  with  the  prime  con- 
ductor of  the  machine ;  work  the  machine  for  some  time,  and  then  bring 
the  metal  point  in  contact  with  the  tongue :  a  faint  add  taste  is  felt ; 
whereas  the  negative  electridty  will  produce  an  alkaline  tast^. 

DISTRIBUTIOK   OP  ELECTRICITY. 


87.  The  electric  fluid  arranges  itself  upon  Ihe  surfaces  of 

ndufttors. 


conductors. 


I 


Exp.  1.  A  is  an  electrified  metal  ball,  suspended  by  a  silk  tiiread ;  B 
and  C  are  two  hoDow  metal  hemispheres,  which  exactly  envelop  the 


sphere ;  when  they  are  removed  from  the  sphere,  thea  not  the  slightest 
trace  of  electridty  remains  upon  it,  while  the  outer  surfaces  of  the  hemi- 
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spbenB  oontam  all  the  electricity  which  wbb  at  fixat  in  A.    This  may  be 
proved  by  meana  of  the  dectroMope. 


The  Proof  FkoM. 

To  show  in  a  more  complete  manner  the  superficial  distriba- 
tion  of  electricity,  a  small  piece  of  apparatuB,  called  a  proof 
plane^  is  usually  employed.  This  appamtus  is  represented  in 
Fig.  86,  where  C  is  a  small  disk  of  gilt  paper,  fixed  at  the  end 
of  a  stick  of  gum  lac  A  B.  In  using  this  instrument,  a  point 
of  the  electrified  surface  is  touched  by  the  proof  pbine,  which 
being  carried  to  the  torsion  electiometer,  the  intensity  of  the 
electricity  at  the  point  touched  by  the  proof  plane  is  indicated 
by  the  deflection  of  the  needle. 

Exp.  2.  A  is  a  conical  muslin  bag,  fixed  to  an  insulate  metal  ^' 
ring,  farming  something  like  a  butterfly 
net ;  B  and  C  are  silk  threads  attached 
to  the  apex  of  the  cone,  one  on  the  out- 
side and  the  other  on  the  inside,  by 
which  the  cone  may  be  turned  outside  in. 
Let  the  cone  be  charged  with  electricity 
by  means  of  a  carrier  ball ;  test  the  elec- 
tricity of  the  inside  and  outside  surfaces 
by  means  of  the  proof  plane ;  then  it  will 
be  found  that,  while  the  outside  sur&ce 
is  charged  with  electricity,  the  inside  sur- 
face is  entirely  free  from  it.  Turn  the 
cone  outside  in,  and  test  the  surfaces  as 
before ;  the  surface  which  is  now  outside  will  contain  all  the  electricity, 
and  that  which  is  now  inside  will  be  entirely  fiee  from  it. 

These  experiments  clearly  show  that  the  electricity  distributes  itself 
upon  the  exterior  surface  of  a  conducting  body,  but  not  on  the  interior 
surface. 

The  following  experiment,  first  given  by  Faraday,  establishes  the  same 
principle,  as  well  as  an  important  law  relative  to  the  induction  of  elec- 
tricity :  •  — 


Jty.87. 


•  By  applying  his  theoretiGal  ideas  to  other  and  different  phenomena  of 
statical  electricity,  Faraday  is  led  to  admit  that  the  tendency  of  electricity  to 
distribute  itself  on  the  surface  of  conducting  bodies  is  more  apparent  than 
real,  and  that  the  experiments  which  prove  that  there  is  not,  in  fact,  any  free 
electricity  except  at  their  surface,  are  easily  explained  in  another  manner. 
No  eiectric  charge,  according  to  this  theory,  can  be  manifested  in  the  inte- 
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An  <*ign^«*<»*i  dectrified  ball  AissuB- 
tained  in  the  interior  of  a  series  of  jars, 
placed  the  one  within  the  other,  and  sep- 
arated from  each  other  by  phites  of  gum 
lac,  as  shown  in  Fig.  88  ;  the  outer  jar 
B  commmiicates  with  a  gold  leaf  eleotro- 
soope  C,  the  leayes  of  which  L  direrge 
the  moment  the  electrified  ball  A  is  in- 
troduced. Here  induction  takes  place 
from  jar  to  jar,  until  at  last  the  outer  sur- 
face of  the  jar  B  becomes  electrified. 

Upon  testing  the  electricity  on  the  sor 
face  of  the  jars  by  means  of  the  proof 
place,  it  will  be  found,  while  the  outer 
surfaces  of  the  jars  all  contain  electricity 
the  inner  surfaces  are  entirely  free  from  it. 

While  the  gold  leares  L  are  diyergent, 
let  the  electrified  ball  A  touch  the  side  of 
the  inner  jar,  and  it  of  course  transmits 
its  electricity  to  the  jar,  and  the  gold 

leaves  neither  diverge  more  nor  lees  than  before.  This  experiment  proves 
that  the  electricity  possessed  by  the  ball  is  exactly  equal  in  quantity  and 
in  power  to  that  which  it  develops  by  induction. 


F^.  88. 


nor  of  a  body,  on  account  of  the  opporite  directions  of  the  electricities  in 
each  of  the  interior  particles;  whence  the  resulting  effect  is  null ;  whilst  the 
induction  exercised  by  exterior  bodies  renders  the  electricity  sensible  on  the 
surface.  From  this  manner  of  regarding  it,  electricity  must  show  itself  only 
on  the  surface  of  a  conducting  envelop,  whatever  be  its  cpnductibiUty  or  the 
insulating  property  of  the  substance  placed  within.  Faraday,  in  fact,  de- 
monstrated this  by  strongly  dectzizing  oil  of  turpentine  placed  in  a  metal 
vessel.  There  was  no  apparent  electricity,  except  on  the  exterior  surface  of 
the  vessel.  He  also  constructed  a  cubical  chamber,  twelve  feet  square,  the 
wooden  sides  of  which  were  covered  outside  with  tin  foil ;  he  insulated  it ; 
then,  after  having  introduced  into  it  electroscopes  and  other  objects,  he  elcc- 
trized  the  interior  air  with  a  strong  machine.  No  trace  of  electricity  was 
manifested  within ;  whilst  connderable  sparks  and  luminous  brushes  darted 
off  in  all  directions  from  the  exterior  surface.  AVhile  these  experiments 
complete  those  of  Coulomb,  in  which  he  operated  only  upon  conducting  bod- 
ies, tiiey  render  the  explanation  that  was  given  rather  improbable,  since  it 
was  based  upon  the  free  propagation  of  electricity  in  the  conducting  mass ; 
whence  it  followed  that  this  electricity  distributed  itself  entirely  on  the  sur- 
face. When  once  the  phenomenon  has  occurred  in  the  same  manner  with 
insulating  bodies  placed  interiorly,  this  explanation  is  not  tenable. 
TVith  regard  to  the  influence  of  form  upon  tlie  qujuitity  of  electricity 
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The  intensity  of  the  electricttj  upon  a  tsonAocil^  tedj 
depends  upon  the  extent  of  tliat  sttHace. 

Exp*  3.  A  B  18  an  insulated 
tallic  roller,  which  may  be  turned 
by  the  insulated  handle  & ;  D-ii  m 
pHh  ball  electroaocipe ;  C  is  a  vBt- 
tallic  ribbon  coUed  upon  the  roller. 
Let  the  roller  be.  charged  with 
tridty,  then  the  bidlB  D  will  diverge 
from  each  other,  indicating  the  in- 
tensity of  the  charge ;  let  the  m^ 
tallic  ribbon  be  unrolled,  drawing  Fif^  89. 

it  by  means  of  a  silk  thread  aii^ 
tached  to  the  extremity  € ;  then  tte  balls  D  will  i^jproadi  each  odier, 

accumulated  at  the  surface  Of  bodies  itot  spherical,  tt  would  always  depend, 
according  to  Faraday's  theory,  upon  some  points  of  the  sucfaoe  being  ex- 
posed to  a  greater  amount  of  inductiTe  forces  than  others.  Thus  the  extrem- 
ities of  a  cylinder,  or  of  an  elongated  ellipsoid,  would  be  more  strongly  elec- 
trized than  the  rest  of  the  surface,  because  there  go  from  them  a  greater 
number  of  fllatfients  of  polarized  particles,  estabUshing  with  surrounding 
conductors  the  communication  necessary  for  induction.  A  point  is  far  su- 
perior in  this  respect ;  for  it  is  the  centre  whence  emanate  in  all  directions 
the  lines  of  inductive  force,  which,  for  example,  when  a  ball  b  in  question, 
are  found  distributed  over  a  greater  extent,  and  do  not  set  out  from  a  single 
point  only,  but  equally  fh>m  all  points  of  its  surface. 

In  the  theory  that  we  have  been  explaining,  the  mutual  repulsion  of  bodies 
charged  with  the  same  electricity  is  only  apparent ;  it  u  called  into  existence 
because  there  is  no  electricity  on  the  nearer  surfaces,  and  because  each  of 
the  bodies  is  attracted  in  opposite  directions  by  the  surrounding  bodies,  upon 
which  induction  determines  an  electrical  state  dissimilar  to  their  own.  We 
may 'even  prove,  by  means  of  the  proof  plane,  that  the  two  gold  leaves  of  an 
electroscope,  when  they  are  diverging,  have  no  electricity  on  their  interior  sur^ 
face,  whilst  they  are  strongly  electrized  exteriorly,  however  thin  they  may  be 
in  other  respects.  Repulsion  is  also  explained  by  attributing  it  to  the  attrac- 
tion exercised  upon  each  of  the  gold  leaves  by  the  contrary  electricity, 
developed  by  induction,  in  the  strata  of  air  in  contact  with  their  exterior 
surface.  This  mode  of  action  of  the  air  is  much  more  natural  and  mors 
probable  than  that  in  which  it  is  regarded  as  determining  repulsion  by  the 
greater  pressure  from  within  outwards,  than  inwards  from  without,  which  it 
exercises  upon  electrized  bodies.  However,  the  experiments  which  show  that 
repulsion  takes  place  in  vacuo  as  well  as  air,  would  seem  to  be  equally  con- 
trary to  these  two  explsnations,  except  that,  in  the  former,  we  admit  the  effect 
by  induction  of  the  ambient  bodies,  even  when  they  are  placed  at  a  great 
distance. 
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owing  to  the  electricity  having  become  spread  over  a  greater  extent  of 
surface;  now  let  the  ribbon  be  rolled  up,  by  the  insulated  handle  H,  and 
the  pith  baUs  will  again  diverge  from  each  other. 

Ej^,  4.  To  thow  that  electricity  aecumulaiet  itself  (otoards  tfte  extreme 
Hiee  of  an  intukUed  conductor.  —  Touch  the  different  parts  of  the  dec- 
trifled  conductor  with  the  proof  plane,  and  te&t  the  intensity  of  the 
electricity  in  each  case  by  means  of  the  torsion  electrometer,  and  it  will 
be  found  that  those  parts  of  the  conductor  which  are  farthest  from  the 
middle  have  the  greatest  intensity.  Hence  the  tendency  of  the  electric 
fluid  to  escape  frcnn  pointed  extremities.  Tlicse  effects  apparoitly  arise 
from  the  mutual  repulsion  of  the  particles  of  the  fluid. 


ATMOSPHERIC  ELECTRICITY. 

THE  IDENTITY   OF   ELECTRICITY   AND   LIGHTNING. 

88.  The  honor  of  this  discovery  belongs  to  Franklin.  In 
a  letter  to  a  friend  he  gives  the  following  acoount  of  the  ori- 
gin of  the  conception  which  conducted  him  to  the  great  dis- 
covery :  "  Your  question,  how  I  came  first  to  think  of  pro- 
posing the  experiment  of  drawing  down  the  lightning  in 
order  to  ascertain  its  sameness  with  the  electric  fluids  I  can- 
not better  answer  than  bj  giving  3rou  an  extract  from  the 
minutes  I  used  to  keep  of  the  experiments  I  made,  with 
memorandums  of  such  as  I  purposed  to  make,  the  reasons 
for  making  them,  and  the  observations  that  arose  upon  them, 
from  which  minutes  my  letters  were  afterwards  drawn.  By 
this  extract  you  will  see  that  the  thought  was  not  so  much 
an  oat  of  the  way  one,  but  that  it  might  have  occurred  to  an 
electrician.  '  Nov.  1749.  Electric  fluid  agrees  with  lightning 
in  these  particulars :  1.  Giving  light ;  2.  Color  of  the  light ; 
8.  Oooked  direction ;  4.  Swift  motion ;  5.  Being  conducted 
by  metals;  6.  Crack  or  noise  in  exploding;  7.  Subsisting  in 
water  or  ice ;  8.  Rending  bodies  It  passes  through ;  9.  De* 
Btroying  animab ;  10.  Melting  metals;  11.  Firing  inflammable 
Bubetanoes ;  12.  Sulphureous  smell.  The  electric  fluid  is  at- 
tracted by  points.  We  do  not  know  whether  this  property  is 
in  ligbtehigy  but  since  they  agree  in  all  the  particulars  in 
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which  we  can  already  compare  them,  is  it  not  probable  they 
agree  likewise  in  this  ?     Let  the  experiment  be  made.'  " 

This  letter  will  always  be  read  with  interest,  affording,  as  il 
does,  one  of  the  most  admirable  examples  of  inductive  rea- 
soning. 

Franklin  made  the  experiment  in  the  following  manner. 
He  made  a  kite  with  points  fixed  to  it,  with  the  yiew  of 
drawing  electricity  from  the  clouds.  In  order  to  insulate  the 
electricity  that  might  pass  down  the  hempen  cord,  which  is  a 
partial  conductor  of  electricity,  he  attached  a  silk  cord  to  its 
extremity,  where  he  placed  a  key,  from  which  he  expected  to 
obtain  sparks  of  electricity.  Afraid  of  being  laughed  at, 
should  his  experiment  fail,  he  took  his  little  boy  with  him,  to 
make  it  appear  as  if  he  were  going  to  assist  the  boy  in  flying 
his  kite.  Franklin  and  his  little  boy  having  raised  their  elec- 
trical kite  in  the  air,  they  waited  a  long  time  before  any  indi- 
cations of  electricity  could  be  seen.  At  length  a  thunder 
cloud  passed  over  the  kite ;  the  electric  fluid  passed  from  the 
cloud  to  the  points  fixed  on  the  kite,  and  descended  the 
hempen  cord,  the  fibres  of  which  stood  erect  by  electrical 
repulsion ;  Franklin  then  applied  his  knuckle  to  the  key,  and 
received  the  electric  spark. 

'*  What  must  have  been  the  ecstasies  of  his  soul  at  that  mo- 
ment !  He  had  made  one  of  the  most  brilliant  discoveries  in 
the  whole  range  of  jjliysical  science !  he  had  discovered  the 
identity  of  lightning  and  electricity ! 

He  afterwards  charged  Leyden  jars  with  lightning,  and 
made  other  experiments,  similar  to  those  usually  performed 
with  electrical  machines.  He  also  introduced  lightning  con- 
ductors, or  pointed  rods,  for  the  protection  of  buildings  from 
the  effectf  of  lightning.     (See  Exp.  1,  page  256.) 

The  picture  of  Franklin  and  his  little  boy  flying  the  kite 
which  first  drew  lightning  from  the  clouds,  will  be  regarded 
w^ith  interest  to  the  latest  ages  of  the  world. 

About  the  same  time,  acting  under  Franklin's  suggestion, 
Dalibard  erected  an  insulated  pointed  rod,  40  feet  high,  and 
thereby  succeeded  in  obtaining  sparks  from  the  clouds. 


I.r.CTlSTCITT. 


F.LECTRICITT   IN    THE  AIR. 

39.  Electricity  is  always  foand  in  the  air,  but  it  raries 
both  in  kind  nnd  in  quantity.  It  is  geifcrally  jtositive  when 
tfae  air  is  cltar  and  serene,  nnd  negative  wfaen  it  ts  Iiumid 
and  cloudy.  The  intensity  or  electrical  phenomena  is  usually 
greatest  in  Ihe  higher  strata  of  the  atmosphere :  it  is  also 
stronger  in  winter,  especially  during  frosty  weather,  than  it  is 
in  summer,  and  when  the  air  is  calm  thnn  when  it  is  bois- 
terous. When  the  wind  blows  from  the  north,  the  drops  of 
rain  are  generally  positive,  and  when  it  blows  from  the  soulb, 
they  are  generally  negative.  The  earth  is  always  in  a  con- 
trary stale  of  electricity  to  that  of  the  higher  strata  of  the 
atmosphere ;  and  hence  the  atmosphere,  at  the  height  of  a  few 
feet  above  the  surface,  is  always  in  a  neutral  state,    llie  aerial 
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cleclridty  MUuiu  a  nuuimam  and  minimum  condition 
every  day ;  its  intensity  ii  least  during  the  night 
after  Hnnrise,  or  during  tbe  fall  of  dew,  antl  attains  lis  maz>- 
mnm  condition  a  few  honra^Afler  sunrise :  Irotn  that  time  it 
gradually  decreases  until  a  few  houra  before  GnuBet,  when  it 
reaches  its  second  minimum  condition ;  nfier  euoeet  it  riiea 
rapidly,  especially  during  the  &U  of  dew,  and  attains  its  aee- 
ond  maximnm  condition  a  few  hoars  after  sunset. 

ELKCTROIIF.TEOBS. 

40,  The  most  common  electrometeors  are  thvndvr  ttonn, 
thett  UghtMng,  Iht  aurora  borealtt,  walertpouU,  lehirh^mdt, 
and  the  luminous  appearance  of  pointed  conductors.  The 
commonest  and  grandest  of  lbp=c  eleolricnl  phenomena  are 
thunder  and  liglitning. 

THIS   ACROBA    BOREALIS,   OR   NORTHERN    LIGHTS. 

41.  In  the  higher  regions  of  the  atmosphere,  where  the 
air  is  very  much  attenuated,  the  flashes  of  electric  lig)^  give 


rise  to  the  well-k;iown  phenomenon  of  the  aurora  borealis,  or 
tiorthem  lights.  (See  Exp.  2,  page  238.)  This  meteor  is  .=een 
most  brillinnily  towards  the  artiic  regions.     Fig.  01  repre- 


i6» 

Bents  the  appearance  which  it  pTCsents  at  ita  commencemenl, 
where  streama  of  electric  light  appear  to  move  fi-om  ihc 
nortUcm  parts  of  liie  horizon  towards  the  niiignetic  zenith. 
Sometimes,  even  with  us.^t  assumei)  the  form  ot'  a  magnifi- 
cent tuminoiiB  bow,  Bpanitiog  the  horizon  for  thirty  or  forty 
degrees. 

Figi.  92  and  9S  represent  some  of  the  appearances  of  the 


aurora  borealis  at  the  north  arcUc  zone,  as  given  by  H.  Lottiii, 
an  officer  at  the  French  navy. 


Fig.  94  represents  a  remarkable  appearance  of  the  snrora 
borealis,  which  was  Been  over  every  part  of  Earope.  This 
was  observed  and  described  by  Hniran  in  the  year  1730. 
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FLnCTRlCrTV. 


42.   At  the  commencement  of  this  wonderful  and  terrific 
phenomenon,  the  watery  vapor  in  the  clouds  appears  to  de- 


scend  in  the  Tonn  of  a  cone,  while  the  ocean  beneath  becomes 
agitated,  b9  shown  in  Fig.  95 ;  the  apex  of  the  cone  continues 
lo  descend,  and,  after  a  little  time,  a  cloud  of  watery  vapor  ' 
rises  from  the  ocean  towards  it,  as  shown  in  Fig.  96.  This 
goes  on  until  the  two  stretuns  6f  wnlery  vapor  join  each  other 
and  form  a  complete  irnterspoul,  or,  it  may  be,  form  two  or 
more  waterspouts,  a*  shown  in  Fig.  97. 

Tliese  remarkable  phunomena  appear  lo  be  duo  to  the  dif- 
Ttrent  ek'<-lrii'al  coTidiiiond  of  the  cloud  nbovo  and  the  ocean 
beiicriih. 

DIFFERKXT  MODES  OF  GENF.RATING  ELECTRtCITy. 
4.1.    ResldiM  fi-iftion,  lifL-re  are  various  modes  of  generating 
electricity.     The  following  are  amongst   the  most   remark- 
able ;  — 


S78  XATQEAL  AltD   UCPBRnfBMTAL   f«tLOBOPHT. 


Tho  friction  of  high  preesure  Ueun  on  the  metallM  fipoa, 
•  Itc,  through  which  it  is  made  Co  pass,  has  receatly  been  found 
to  develop  large  quantities  of  electncitj. 

A  Tsy  powtrfttl  dcotrical  m>eliinf  lu«  been  eoMtnietcd  on  tlii>  prin- 
dpla  bj  Mr.  Aiambaa^  at  NtwcMtle^  and  Mlhd  iiftta  dM  Hjdn- 


^TDBO-BLICTRIC   UACHIHE. 
r.  Thu  Duchme  ii  refrcMAtad  in  Figi.  SS  uid  S9.    A  M  a  ibong 
D  boiler,  cased  in  vood  to  ndoee  the  radiation  of  heat,  itaiidiiig  on 


tix.  eIbm  piHan  O;  B  ihe  furnace,  and  C  the  ash  jut,  fanned  in  the 
under  i»rt  of  tho  boiler;  P  Q  the  chimney ;  D  ii  n  water  gauge,  and  E 
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the  jfeed  ytlve;  F  F  two  tubes  leading  from  the  valves  1 1  to  the  large 
tubes  O  O  ;  H  H  aze  a  series  of  bent  iron  tubes,  proceeding  from  tho 
pipes  G  G,  and  tenninating  in  jets  J,  which  may  be  opened  or  dosed, 
by  means  of  levers  placed  at  K  K ;  M  is  the  safety  valve. 

Fig.  99  represents  a  zinc  case>  provided  with  four  rows  of  brass  points, 
which  are  placed  in  front  of  the  rows  of  the  jets  J,  (Fig.  98,)  in  order  to 


Fiff.  99 

attract  the  electricity  from  the  steam  vapor  projected  upon  them ;  when 
long  sparks  are  required,  this  case,  with  its  points,  is  placed  at  the  dis- 
tance of  about  one  foot  from  the  jets ;  and,  on  the  contrary,  when  a 
large  quantity  of  electricity  is  required,  the  case  is  brought  within  a  few 
inches  of  the  jets.  With  a  view  of  augmenting  the  development  of  the 
electricity,  the  inner  siufaccs  of  the  jets  aro  Uned  Mith  wood,  fimning  a 
bent  channel  for  the  passage  of  the  steam. 

In  this  machine,  we  may  regard  the  particles  of  water  as  serving  the 
purpose  of  the  glass  plate  of  a  common  electrical  machine ;  the  wooden 
lining  of  jets  as  the  rubber ;  and  the  steam  as  the  rubbing  power. 

The  electricity  generated  by  this  engine  is  more  remarkable  for  its 
enormous  quantity  than  for  its  high  intensity,  llie  engine  erected  by 
Mr.  Armstrong;,  at  the  Pulytechnic  Listitution,  gave  iFparks  from  twelve 
to  fourteen  inches  in  length,  and  charged  a  battery,  containing  83  feet 
c«f  coated  p:lasi^.  in  ten  secondf^.  The  dense  sparks  which  pass  from  the 
1  oiler  to  any  larp^e  l.all  conductor,  follow  each  other  in  Kuch  a  rapid 
sncccK^ion,  as  to  give  to  them  somewhat  of  tho  character  of  a  galvanic 
flame. 


ELECTRICITY  DEVKLOPED  BY  CONTACT. 

4o.  When  two  different  metals  ere  brought  into  cor.tact.  electricity  is 
developed  ;  the  positive  fluid  being  attached  to  the  one  metal,  and  theneg- 
ntivoj^ud  to  the  other.  C-  and  Z  aro  two  plates  of  copper  and  zinc,  hav- 
ii\g  tneinsulating  handle!)  A  and  H.    I^et  thein  be l.ron^ht  in  contact,  and 
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then  separated,  taldng  care  to  bold  them 
by  the  insulating  handles,  and  to  more 
them  towards  and  from  each  other,  so 
that  no  friction  shall  take  place  in  £arm-  - 
ing  or  breaking  the  contact ;  then  the 
jdnc  plate  will  be  charged  with  positiTe 
electndty,  and  the  copper  plate  with 
negative  electricity;  which  may  be 
proved  by  bringing  the  plates  in  con- 
tact j^th  the  connecting  plate  of  the 
condensing  electroacope.  (See  Fig.  64.) 
This  oonsdtutes  the  frmdamental  ex- 
periment of  voltaic  electricity. 


Fig.  100. 


J^.  101. 


Ddtu^s  Dry  Piles, 

On  this  principle  Delnc  oonstmcted  his  dectric  pile,  which  oonaisted 
of  a  series  of  disks  of  copper  and  zinc  paper,  laid  the  one  upon  the  other, 
with  their  paper  sides  together.  A  pile  containing  about  1000  paiis  of 
these  disks  exhibitB  a  decided  evidence  of  electrical  attraction  and  re- 
pulsion when  a  connection  is  formed  between  the  extreme  plates.  What 
Is  remarkable  in  these  dry  piles  is,  that  they  will  remain  with  undimin- 
ished action  ibr  years,  without  being  at  all  interfered  with. 


Zdmbon€$  Mectrical  Perpetual  MoHcn. 

m 

This  beautifrd  piece  of  apparatus  is  formed  by  placing  two  of  Deluc's 
piles,  (I^.  102^)  each  containing  about  1000  pairs  of  plates,  within 
about  two  inchesof  each  other,  so  that  their  unlike  poles  may  be  brought 
near  each  other  at  the  top  and  bottom.  The  upper 
extremities  of  the  piles  terminate  in  two  metal  knobs, 
C  and  D,  and  the  lower  extremities  are  connected 
by  a  strip  of  copper,  so  that  while  one  knob  C  is  pos- 
itive, the  other  knob  D  is  negative.  P  6  is  a  light 
pendulum  rod  of  gum  lac,  turning  on  a  centre  at  A, 
and  its  upper  knob  B  pla3ring  between  the  electrified 
knobs  C  and  D ;  the  knob  B  of  the  pendulum  is  al- 
ternately attracted  and  repelled  by  the  electrified 
knobs  C  and  I).  This  motion  will  often  continue  for 
years  without  intermission. 


SLECTRICI'Ar. 


275 


JBcAnenber^s  JSUctroseope. 

One  of  the  most  useful  applications  of  the  dry  pile  is  eihihitpd  in  the 
construction  of  an  electroecope,  represented  in  Fig. 
103,  which  is  not  only  the  most  sanaitivv  of  all  oth- 
cn,  hut  has  the  additional  property  of  at  once  indir 
eating  the  peculiar  kind  of  electricity  of  the  body 
applied  to  it. 

This  instrument  consists  of  two  dry  piles  C  and 
D,  placed  as  in  Zamboni's  perpetual  motion;  be- 
tween the  knobs  C  and  D,  a  single  gold  leaf  G  is 
suspended  in  the  same  manner  as  in  the  ordinary 
gold  leaf  electroscope.  The  moment  the  gold  leaf 
Q  18  electrified  by  the  approach  of  any  electrified 
body  towards  A,  it  is  carried  either  towards  one 
knob  or  the  other,  according  to  the  nature  of  the 
electricity  with  which  the  body  is  charged;  that  is 
to  say,  if  the  electroscope  be  charged  with  positive 
deetricity,  then  the  gold  leaf  G  will  be  attracted 
towsidi  the  negative  knob  of  the  pile,  and  so  on. 


Fiff.  108. 
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THE  MAGNETIC  POWER. 

* 

1.  Substances  endowed  with  magneium  attract  pieces  of 
iron,  and  (he  substances  possessing  this  propertj  are  called 
magnets.  Magnetic  substances  possess  Taiioos  other  remark- 
able properties,  which  shall  hereafter  be  described.  There 
are  two  kinds  of  magnets  —  natural  magnets  and  artificial 
magnets. 

Natural  Magnets^  or  loadstones^  are  iron  ores,  found  at  al- 
most every  place  on  the  earth.  The  ancient  Greeks  were 
acquainted  with  the  attractive  propertj  of  the  natural  magnet, 
or  loadstone  ;  they  gave  the  name  of  Magnet  to  this  mineral, 
probabij  because  it  was  found  moat  abundant  in  the  vidnity 
of  Magnesia,  a  city  of  Lydia,  in  Asia  Minor. 

Artificial  Magnets  are  generally  made  of  steel  bars ;  and 
the  way  in  which  the  magnetic  property  is  imparted  to  them 
will  shortly  be  described.  Artificial  magnets  are  named 
according  to  their  shape  ;  thus,  we  have  the  bar  magnet^  rep- 
resented in  Fig.  1,  and  the  horseshoe  magnet^  represented  in 


Fig.  1  Fig.  2. 

Fig.  2.    When  several  bar  magnets  or  horseshoe  magnets 

are  combined,  the  whole  is  called  a  magnetic  haUeryy  or  a 

compound  magnet. 

The  magnetic  power  of  a  magnetized  bar  chiefly  resides  in 

its  extremities,  which  are  called  the  magnetic  poles;  one 

being  called  the  north  pole  of  the  magnet,  and  the  other  the 

(276) 


MAGNETISM 


277 


south  pole.  In  order  to  distinguish  these  poles  from  each 
other,  a  mark  is  usually  drawn  across  the  extremity  corre- 
sponding to  the  north  pole  of  the  magnet. 

One  of  the  most  remarkable  properties  of  the  magnet  is, 
that  it  communicates  its  properties  to  a  steel  bar  or  needle 
that  is  rubbed  for  a  few  times,  in  the  same  direction,  across 
one  of  its  poles. 

MAGNETIO  ATTRACTION. 

2.  Exp,  1.  Sprinkle  aome  iroa  filings  on  a  magnetic  steel  bar ;  the 
xTon  filings  will  be  attracted  to  the  extremitieB  or  poles  of  the  magnet, 
whilst  the  other  portions  will  be  left  nearly  baxe,  as  shown  in  Pig.  3. 


Fig.Z, 

Whea  the  Bted  bar  ezoeedi  eight  or  ten  inches  in  length,  we  »omtiime9 
find  two  other  poles  besides  those  that  are  at  the  ends,  as  shown  in 
FSg.4. 


e 


1^.4« 
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Exp,  2.  Attrsct  a  series  of  pieces  of  iron  wire  ah  eta  the  extremity 
N  of  the  magnetic  bar  N  S,  as  shown  in  Fig.  5.  Here  the 
wireSp  while  they  are  in  connection  with  the  magnet  N  S,  be- 
come a  series  of  little  magnets,  whoee  lower  extremities  are  all 
north  poles ;  that  is,  of  the  same  name  as  the  pole  of  the  mag- 
net to  which  they  are  attached. 

Exp,  3.  To  magnetize  a  penkmfs.  — Rub  the  knife,  fbr  sev- 
eral times,  in  the  tame  direction^  that  is,  from  haft  to  point,  across 
one  of  the  extremities,  or  poles,  of  a  magnet ;  apply  the  point 
of  the  knife  to  some  iron  filings,  or  small  pieces  of  iron :  they 
will  be  attracted  to  the  point  of  the  knife.  ».    ^ 

7%e  attraction  between  a  magtiei  and  iron  t>  reeiprocah  — 
Whibt  the  magnet  attracts  iron,  the  iron  also  attracts  the 
magnet 

24 
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E^.  1.  Suspend  ■  puce  oT  iron  wire  b;  a  tbiesd,  ao  that  the  iciie 
may  bang  horizoatallr.  Being  the  one  exUemity  of  b  magnet  near  to 
ode  end  of  the  wire;  the  wire  trill  be  attracted  by  the  magnet. 

Eip.  2.  Suspend  a  magnetized  needle  in  the  aame  manner ;  toing  the 
exttcmity  of  the  iron  -wire  near  to  either  pdeef  the  magnet;  the  mag- 
net irill  be  attracted  by  the  inm  wiie. 


Magnetic  Atlraetion  trantmitUd  through  variout  Boditt. 

Exp.  1.  Interpose  a  thin  icreen  of  vood.  or  glan^  ch  copper,  or  any 
substance  excepting  steel  and  iicn,  between  the  magnet  and  the  inm 
wire  of  the  foregoing  expmments ;  the  attraction  will  take  [Jace  juit  at 
if  there  woe  do  lubstance  intCTposed. 

Exp.  2,  Strew  tome  inm  filings  on  a  theet  of  white  paptr ;  plaes  the 
pole  of  a  magnet  jieneoth  them ;  the  filings  will  xgpax  to  move  in 
whatever  direction  the  magnet  is  moved. 

Exp.  3.  Intopote  an  iron  plate  between  a  magnet  and  an  iron  wire 
suspended  by  a  thnad;  tb«  magnet  will  lane  Httls  orno  effect  npon  the 


Dittribution  of  MagtuHm  in  a  mofftutixed  Bar. 
The  inequality  of  thit  Attribution  msy  be  readily  ptttved  by  tbe  Ibl- 
lowingei 
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Exp,  1.  Strew  some  iron  filings  on  a  sheet  of  white  card  paper,  be- 
neath which  a  bar  magnet  has  been  placed ;  occasionally  tap  the  paper 
to  facilitate  the  arrangement  of  the  filings.  The  beautiful  distribution 
of  the  filings  (as  exhibited  in  Fig.  6)  around  the  bar,  shows  the  manner 
in  which  the  attractive  finrce  of  the  difierent  points  in  the  bar  vary — 
the  filings  are  most  accumulated  round  the  two  poles,  towards  which 
they  seem  to  converge  from  all  parts*  as  to  the  principal  centres  of  ac- 
tion: on  the  other  hand,  the  central  portion  of  the  bar  scarcely  attracts 
any  of  the  iron  filings,  thereby  showing  that  the  centre  of  the  bar  is  a 
neutral  point ;  that  is  to  say,  it  does  not  possess  any  attractive  power. 
The  curves  formed  by  the  filings  are  known  by  the  name  of  the  mag- 
netic corves. 

This  experiment  ftimishes  us  with  a  ready  method  of  detecting  the 
poles  of  a  natural  magnet. 

Eaep,  2.  Take  a  magnetic  bar  N  8,  (¥lg.  7>)  and  support  it  at  its  middle 
point  C ;  apply  at  any  number  of  equidistant  points  a,  6,  c,  </,  6',  &c.» 
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a  series  of  pieces  of  soft  iron  wire;  then  it  will  be  fbund  that  the  num- 
ber of  pieces  of  wire  which  the  magnet  can  support  will  increase  as  we 
approach  the  extremities  or  poles  N  and  8. 

The  centre  C  of  the  bar  has  been  called  the  neutral  pointy 
or  point  of  magnetic  indifference,  and  the  poles  are  those  two 
points  where  the  greatest  attractive  force  is  foand  to  reside, 
which  in  this  case  are  at  the  extremities.  The  term  pole  is 
sometimes  taken  to  mean  that  point  in  each  half  of  the  bar 
where  the  greatest  attractive  force  will  be  accumulated,  sup- 
posing the  magnet  to  be  acting  upon  a  piece  of  iron  or  steel 
placed  at  a  little  distance  from  it ;  in  this  case  the  poles  are, 
on  an  average,  at  the  distance  of  about  one  tenth  of  an  inch 
from  each  extremity. 
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MAGNETIC  POLARITY. 


DIRECTITB  PROPBRTT  OF   THE   MAGNETIC   NEEDLE. 


8.  A  magnetized  steel  needle,  suspended  horizontAlly  by 
a  thread,  or  on  a  fine  point,  will  alwajs  point  very  nearly 
north  and  south.  This  is  called  the  directive  polarity  of  the 
magnet.  This  direction  is  so  constant,  that,  when  the  needle 
is  displaced,  it  returns  exactly  to  it,  aAer  a  few  vibrations. 
Moreover,  the  same  extremity  of  the  needle  always  points  to 
the  north,  and  the  same  extremity  to  the  south  ;  so  that  if  the 
needle  be  turned  half  way  round,  it  will  not  rest  until  it  has 
resumed  its  original  position.  The  extremity  which  points 
towards  the  nortli  is  called  the  north  pole  of  the  magnet,  and 
that  which  points  towards  the  south,  the  south  pole  of  the 
magnet.  This  remarkable  property  has  been  of  great  use  to 
navigators. 

Magnetic  needles  are  usually  con- 
structed afte*  the  fbrm  shown  in 
Fig.  8 ;  where  the  needle  turns  up- 
on a  Tertical  point,  which  enters  the 
conical  cap  screwed  into  the  cenire 
of  the  needle. 

The  direction  in  which  the 
needle  points  has  been  called 
the  line  of  the  magnetic  merid* 
tan.  This  line  does  not  ex- 
actly coincide  with  the  direc- 
tion of  the  geographical  me- 
ridian, as  we  shall  hereafler 
more  fully  explain.  At  Lon- 
don, the  needle  at  present  points  about  24^  west  of  the  tnie 
north-  This  is  called  the  magnetic  varicUion,  or  magnetic 
declination.  This  declination  is  not  the  same  for  all  places 
on  the  earth,  and  it  is  continually  changing  for  all  places  on 
the  earth. 


Fig,%. 
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Sup,  L  ICagnetiie  a  small  sefwing  needle ;  place  the  needle  on  aome 
water,  lo  ai  to  make  it  float :  after  a  little  time  the  needle  will  settle 
itself,  and  will  point  in  the  direction  of  north  and  south.  If  the  needle 
be  shifted  from  this  position,  it  will  return  to  the  same  position  again 
when  left  to  itsel£  This  experiment  may  also  be  readily  performed  in 
the  ibUowing  manner :  — 

Etp,  3.  Take  a  strip  of  card  paper      a ^ir    n 

A  B ;  suspend  it  upon  the  point  S  of  y<        « >.8  6    \ 

a  pin  passed  through  a  cork ;  place   '  -  ' 

the  magnetized  needle  N  S  upon  one 

side  of  the  strip  of  card  paper;  re-  * 

sfiofe  the  balanee  by  placing  some 

■nail  weight  W  upon  the  opposite  Fi^,  9. 

side  of  the  citfd;  then  the  card  will 

ton  round  until  it  points  north  and  south,  as  befere  described. 

With  any  of  these  needles  the  following  experiments  may  be  per- 
Ibrmed,  (^exoepting  the  cases  specified.) 

4  Iron  or  steel  attracts  both  poles  of  the  needle. 

Exp,  3<  Hold  a  bit  of  iron  near  either  of  the  poles  of  the  needle ;  the 
needlar;will  lollow  the  iron ;  by  moving  the  iron  round,  the-feedle  will 
revolve  <m  its  centre  in  the  same  direction.  *  / 

Exp,  4.  By  holding  a  bit  of  iron  near  to  the  sewing  neeola  of  Exp.  1, 
it  may  be  made  to  float  about  in  any  direction. 

Exp,  6,  Themagnetie  swofi. — This  philosophical  toy  consists  of  a 
piece  of  thin  sheet  iron,  made  into  the  shape  of  a  swan,  so  as  to  float 
upon  water. 

When  the  point  of  a  magnet  is  presented  to  the  swan,  it  appears  to 
swim  towards  the  point. 

5.  The  like  poles  of  magnets  repel  one  another,  and  the 
nnlike  poles  attract  This  law  of  magnetism  is  exactly  anal- 
ogous to  the  law  of  attraction  and  repulsion  of  the  two  kinds 
of  electricity.  f« 

In  order  to  distinguisb  these  opposite  influences,  the  mag- 
netic principle  of  the  north  pole  is  called  positive  mapieiism^ 
or  -f-y  and  that  of  the  south  pole,  negative  magnetism^  or  — •«* 

Ejqf,  6.  Bring  the  north  pole  of  a  magnet  near  to  the  south  polet)f  ' 
the  needle,  and  it  will  be  attracted.    Bring  the  north  pole  of  a  magnet  - 
near  to  the  north  pole  of  the  needle,  and  it  will  be  repelled ;  and  so  on.  • 

This  always  enables  us  very  readily  to  ascertain  the  particular  polet^. 

24* 
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of  u  magnet,  or  to  dctcmunc  whether  or  not  a  metal  bar  po6!«C5«e8  mag- 
nciiMu  ;  Ibr  the  extremity  of  the  bar  Mhich  attracts  the  north  pole  of  a 
needle  will  be  the  south  (xils  of  the  bar,  and  the  other  extremity  will  be 
the  north  pole. 

r.zp,  7.  Ilang  a  email  key  to  the  north  pole  of  a  magnet ;  prennt  the 
south  pole  of  another  nuignet  to  the  upper  extremity  of  the  key :  the 
key  will  instantly  falL  Ilerc  the  two  different  kinds  of  magnetism  nea- 
tralize  each  other's  effects. 

Rtp.  8.  Immerse  the  like  poles  of  two  magnets  into  some  inm  filings ; 
\  ring  the  two  poles  togetlicr»  end  the  filings  will  iall.  But  if  the  poles 
aic  unlike,  the  filings  i^-iU  move  towards  each  other. 

Exp,  9.  Balance  a  bar  magnet  upon  a  common  pair  of  scales;  briag 
Ihe  jwlc  of  another  magnet  immediately  beneath  one  of  the  poles  of  the 
r.iagnc't  placed  on  the  seals ;  then«  when  the  poles*  thus  brought  near  to 
each  other,  ore  of  the  same  kind,  the  scale  will  ascend  from  the  rcpulakm 
of  the  mainicts ;  and,  on  the  contrary,  the  scale  will  descend  when  the 
|:olcs  arc  of  different  .kinds. 

G.  If  a  magnet  be  broken,  each  part  becomes  a  perfect 
mairnt^t. 

Ha-p.  10.  Break  a  magnetized  knitting  needle;  test  the  polarity  of 
ciu  h  ciid  of  the  pieces ;  the  poles  of  the  two  magnets  will  lie  in  the  same 
direction  as  the  poles  of  the  original  magnet. 


THEORY   OF  MAGNETISM. 

7.  The  theory  of  magnetism  is  exactly  analogous  to  the 
tht'ory  of  electricity.  The  magnetic  fluid,  in  its  quiescent 
state,  is  supposed  to  consist  of  two  distinct  fluids  —  the  one 
l>eing  the  north  or  positive  magnetism^  the  other  tiie  south  or 
negative  magnetism.  When  these  two  fluids  arc  combined, 
theylform  4iic  magnetic  fluid  as  it  exists  in  non-magnetized 
Fubstancps,  or  Fub stances  in  a  neutral  state.  The  particles  of 
the  stune  kind  of  nmgnetism  repel  each  other ;  but  the  parti- 
cles o1rop(M)site  kinds  of  magnetism  attract  each  other.  When 
the  two  fluids  exist  in  a  body  so  as  to  neutralize  each  other, 
then  the  body  exhibits  no  magnetism ;  but  if  this  state  of 
equilibrium  be  di;?turbed  by  any  cause,  then  the  magnetio. 
state  is  induced. 
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Fig.  10  giv«B  a  TiaUe  repfeeentatioii  of  this  supposed  distribution  of 
the  partides  of  the  two  magnRtic  fluids  in  the  body  of  a  magnetic  bar. 
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Here  we  spppose  the  light  squaies  to  represent  the  particles  of  the  pori- 
tiye  fluid,  and  the  dark  squares  the  particles  of  the  negative  fluid.  As 
the  partidea  of  the  two  ftnids  are  separated  from  one  another,  they  must 
arrange  themselTes  aoocrding  to  the  law  of  attraction  and  repolnon 
assumed  in  the  theory ;  that  is  to  say,  a  posLtive  and  a  negative  particle  * 
must  always  be  contiguous  to  each  other.  FVom  this  it  foUows  that  the 
extremity  N  will  be  a  north  pole,  and  S  a  south  pole. 

This  theory  readily  enables  us  to  explain  all  the  phenomena 
of  magnetism.     Let  us  take  a  few  examples :  — 

When  the  extremity  of  a  bar  of  soft  iron  is  placed  in 
contact  with  the  north  pole  of  a  magnet,  the  opposite  extrem- 
ity of  the  bar  uUo  exhibits  north  or  positive  magnetism ;  this 
takes  place  in  consequence  of  the  repulsion  of  the  positive 
fluid  from,  and  the  attraction  of  the  negative  fluid  to,  the  north 
*poIe  of  the  magnet. 

When  a  magnetic  needle  is  broken,  it  is  obvious  that  the 
arrangement  of  the  particles  of  the  two  fluids  must  remain 
unchanged ;  that  is  to  say,  the  poles  in  tl^  two  magnets  must 
lie  in  the  same  direction  as  the  poles  of  the  original  magnet. 

When  the  north  pole  of  a  magnet  attracts  a  piece   of 
iron  wire,  the  extremity  of  the  wire  next  to  the  north  qi^^os- 
itive  pole  of  the  magnet  becomes  a  south  Or  hegalive  (^Mc, 
owing  to  the  repellent  action  exerted  on  the  positive  fluid,  and 
the  attractive  action  on  the  negative  fluid  of  the  wire,  by  the 
positive  fluid  of  the  magnetic  bar;  henc^  the  magnet  atti)i«ft. 
the  wire  according  to  the  law  that  bodies  magnetized  w'itlp^V.^ 
different  fluids  attract  each  other.     This  also  explahis  the  ', 
great  law  of  magnetic  induction,  which  we  shall  shortly  cOn*  ..  • 
sider.  _ 
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The  like  poles  of  two  magnets  repel  each  other  bj  vir* 
toe  of  (he  mutual  repulsion  subsisting  between  the  particles 
of  the  same  kind  of  magnetic  fluid ;  and  the  unlike  poles  of 
two  magnets  attract  each  other,  in  oooseqaence  of  the  mutual 
attraction  subsisting  between  tfan  pnrtadn  of  the  two  different 
kinds  of  the  magnetic  ftiid. 

The  north  pole  of  the  needle  is  directed  towards  the 
north  pole  of  the  earth,  because  the  earth  itself  is  a  great 
magnet,  having  its  negative  magnetic  pole  Ijing  towards  its 
north  geographical  p(^  and  lis  positive  magnetic  pole  Ijing 
towards  its  south  geographical  pole. 

The  dip  of  the  magnetic  needle  raaj  be  readilj  explained 
bj  considering  the  dipping  direction  of  the  needle  to  be  the 
direction  of  the  resultant  of  the  magnetic  forces  residing  in 
the  earth,  which  act  upon  the  needle.  But  this  sabject  will 
be  hereafter  more  fully  explained. 

8.  The  attractive  force  of  magnets  decreases  with  the 
distance. 

Eip.  11.  Place  the  south  pole  of  a  magnet  at  a  distance  from  thf 
north  pole  of  the  needle^  and  a  little  to  the  right  or  left  of  it :  then  the 
needle  will  be  deflected  a  little  from  its  north  and  south  direction ;  now 
biing  the  magnet  a  little  nearer  to  the  needle,  and  its  deflection  will  be 
increased,  and  so  on  —  thereby  showing  that  the  attractive  force  of  the 
magnet  increases  as  we  decrease  the  distance. 

It  will  also  be  obaerred  that  the  needle  vibrates  more  and  more  rapidly 
as  the  magnetic  bar  is  brought  more  dosel j  to  it.  Xow«  the  rapidity  of 
these  vibrations  obviously  depends  upon  the  amount  of  the  magnetie 
force. 

Tlie  law  of  the  attractive  force  of  a  magnet,  with  respect 
to  distance,  is  the  same  as  the  law  of  gravitation ;  that  is  to 
say,  the  attractive  farce  of  a  nutgnet  variee  inverse^  as  the 
squares  of  the  distance. 
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MAGNETIC   INDUCTION  AND  CONDUCTION. 

9.  When  a  wire  of  soft  iron  is  placed  in  contact  with  the 
pole  of  a  magnet,  it  becomes,  as  it  were,  a  part  of  the  magnet 
itself;  for  every  portion  of  the  wire  has  the  same  polaritj  as 
the  extremity  of  the  magnet  with  which  it  is  in  contact  This 
may  be  called  magnetic  conduction.  But  if  the  contact  be 
ever  so  slightly  broken,  the  wire  becomes  a  complete  magnet 
having  two  poles ;  and  this  takes  place  in  cdnsequence  of  the 
operation  of  another  |>rinciple, —  that  of  induction,  —  which 
now  claims  our  attention.  When  the  sofl  iron  wire  has  been 
entirely  removed  from  the  magnet,  after  a  short  time  it  no 
longer  possesses  any  magnetic  properties ;  it,  in  fact,  was  only 
decidedly  magnetic  while  it  was  in  contact  with  or  very  near 
to  tlic  magnetized  bar.  Soft  iron  receives  the  magnetic  influ- 
ence most  easily ;  but  it  also  parts  with  it  most  easily,  when 
taken  away  from  the  magnet.  Steel  and  cast  iron  are  not  so 
easily  magnetized ;  but  when  the  magnetic  property  is  once 
imparted  to  them,  they  retain  it  for  years,  unless  they  are 
Qpbjeet  to  some  counteracting  influence. 

Magnetic  induction  is  that  influence  which  a  magnet  exerts 
upon  substances  at  a  distance  from  it. 

Let  N  S  be  a  magnetic  bar»  N  being  its  north  pole,  and  S  its  south 
pole  \  n  8  n.  soft  iron  bar,  having  its  extremity  «  placed  near  to  the  ex- 
tremity N  of  the  magnet ;  then  the  soft  iron  bar  n  a  will  be  a  perfect 
magnet  so  long  as  the  pole  of  the  magnet  N  8  is  near  to  its  extremity  a  ; 


■ '. 

the  extremity  n,  in  fact,  ynH  be  its  north  pole,  and  a  its  south' pole.    To 

render  the  magnetic  induction  apparent,  a  small  key  may  be-Buspended 

.' ^t)ni  the  extremity  n.    The  nearer  the  bar  N  S  is  brought  tojUic  bar  a  n, 

the  more  powerful  will  be  the  magnetism  induced  in  it.    Let  the  magnet 
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N  S  betaken  «wmy ;  then*  alter  a  shoct  time,  the%ttle  key  k  wSk  fiOl  eff 
the  bar  •  «,  aad  it  wiU  eoaa  kie  all  traoei  ef  magnetism. 

Here  tiie  pontive  fluid  at  N  repels  the  podtiTe  fluid  from  the  extremii^ 
•,  and  at  the  same  time  attracts  the  negative  fluid ;  hence  the  equilihriiim 
of  the  two  fluids  in  tiK  soft  iron  » t  is  disturbed,  the  estremiQr  <  being 
in  a  negative  magnetic  stat^  and  the  extremity  a  in  a  positive  magnetio 
state ;  or,  in  otha:  words,  s  becomes  a  south  magnetic  pole,  and  ft  a  north 
magnetic  pole. 

Bring  tiie  south  pole  of  a  bar  near  to  n :  then  the  puignetic  induction 
will  be  doubkd ;  the  lower  extremity  of  the  little  key  k  wiU  rise  towards 
this  routh  pole ;  and  a  much  heavier  key  may  be  supported  by  the  ex- 
tremity ft.  Now  bring  the  north  pole  of  a  bar  near  to  fi ;  then  the  key 
k  will  instantly  drop  off;  in  Uiis  case,  the  two  poles,  being  of  the  same 
kind,  counteract  each  other's  influence. 

A  seHes  of  soft  iron  bats  may  be  magnetized  in  the  same  manner. 
Thus,  let  A  be  a  strong  magnetic  bar;  B,  C,  and  D  a  series  of  soft  iron 

8  MS  n  9'      nf  t"    n" 
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Fig.  12.  ^ 

bars  placed  near  each  other,  as  shown  in  Fig.  12 :  then  all  these  soft  ixo^ 
beiB,  from  the  action  of  induction,  will  become  periect  magnets,  having 
their  poles  a^  indicated  by  the  letters  of  the  figure. 

The  law  of  magnetic  induction  is  exactly  analogous  to  the 
law  of  electrical  induction. 

The  following  simple  experiments  vnll  render  the  law  of  magnetic 
induction  and  conduction  more  apparent. 

MAGNETISM   BT   CONTACT. 

10^  Exp.  1.  Place  a  long  piece  of  soft  iron  wire  in  contact  with  the 
north  pole  of  a  powerful  magnet ;  test  the  magnetism  of  the  wire  by 
means  of  a  magnetic  needle ;  the  south  pole  of  the  needle  will  be  every 
where  attracted  by  the  wire,  thereby  showing  that  the  wire  poMCWlw 
north  polar  magnetism. 

Exp.  2.  Cut  some  short  pieces  of  iron  wire ;  present  the  end  of  one 
of  them  to  the  pole  of  a  strong  magnet :  it  will  be  immediately  attract- 
ed ;  the  free  end  of  this  wire  will  now  attract  a  second  wire,  and  this  in 
its  turn  will  attract  a  third  wire,  and  so  on.    All  these  wires  become 
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litde  Ugapantf  aM^itts»  owing  to  their  coaneclMia  >mth  tlie  pole  of  the 

magneCie  bar*  In  ]ike  Bwmer  the  phenooifina  ef  the  iran  fiUnge  adher- 
ing to  the  pole  of  a  magnet  may  be  ezpUdnedi  each  filing,  thua  ma- 
pended»  la  conterted  into  a  little  magnet. 


KAONXTISM  BT  INDXTCTIOK. 

11.  Saq^.  1.  Place  the  eztxemitj  of  a  kmg  iron  wire  opposite  to  the 
north  pole  of  a  magfietio  needle ;  bring  the  north  pole  of  a  magnetic  l)ar 
near  to  the  oppoaite  eztremitj  of  this  wire :  the  needle  will  be  instantly 
repelled. 

Ea^,  2.  Suspend  two  pieces  of  soft  iron  by  a  thread,  as  shown  in  Fig. 
13 ;  faring  the  north  pole  of  a  magnet  close  to  the  lower  extremities  of 
the  wires :  the  wires  will  repel  eadk  other,  after  the  manner  shown  in 
the  figure. 
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Fig.  13. 


Fiff.  14. 


Exp.  8.  Hold  a  large  key  near  the  pole  of  a  powerifbl  magnet :  then, 
as  the  key  becomes  a  magnet  by  induction,  it  will  carry  two  small  keys, 
cne  at  its  lower  extremity,  and  the  other  at  its  upper  extremity,  as  shown 
in  Ilg.  14. 

THE  DIP  OF  THE  XAaNKTIC  KBEDLE. 


12*  Besides  the  directive  property,  the  magnetic  needle, 
when  freelj  suspended,  has  another  remarkable  property, 
called  its  itjp,  whereby  its  north  pole  dips  towards  the  north 
pole  of  the  earth  in  oar  hemisphere,  and  its  south  pole  towards 
the  south  pole  of  the  earth  in  the  southern  hemisphere. 
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At  present,  the  magnetic  dip  at  London  is  aboat  67®. 
This  property  maj  be  readilj  verified  in  the  followiog 

manner :  — 

Experiment,  Thnist  a  knitting  needle  fi  t  through  a  oork  e,  m  shown 
in  Fig.  16 ;  at  right  angles  to  this  needle  thrust  a  fine  sewing  needle 
through  the  cork*  which  will  form  the  axis  of  the  needle  n$;  attach  an 
untwisted  thread  adbto  the  axis,  and  suspend  the  whole  by  the  extzem- 
ity  of  the  thread,  taking  care  to  thrust  n  t  either  one  way  or  the  other, 
until  it  is  suspended  in  a  perfectly  horizontal  position.  Now  magnetise 
the  needle  n  t,  which  may  readily  be  done  by  simply  keeping  it  for  a 
short  time  across  the  two  poles  of  a  horBeshoe  magnet.  Again  suspend 
the  needle,  and  it  will  be  found  that  its  north  pole  will  dip  towards  the 
north.  Care  must  be  taken,  in  magnrtiinng  the  needle,  not  to  disturb 
the 
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Fig.  16. 


This  experiment  may  be  pqfoimed  with  more  precision  by  placing  the 
axis  a  a  between  two  upright  supports  a  6,  a  6,  as  shown  in  Fig.  16. 
The  best  supports  for  the  axis  are  the  edges  of  two  wine  glasses. 

The  angle  which  the  dipping  needle  makes  with  the  hori- 
zon at  any  place  is  called  the  angle  of  the  needless  dip  at  that 
particular  place.  This  angle  is  not  the  same  for  all  places. 
At  places  in  the  northern  hemisphere,  the  north  pole  of  the 
needle  is  depressed ;  and  at  pkces  in  the  southern  hemisphere, 
the  south  pole  of  the  needle  is  depressed.  At  places  near  to 
the  equator,  the  needle  has  no  dip  —  that  is  to  saj,  it  hangs 
horizontally. 


iBStniments  conatnicted  for  the  puipose  of  exactly  otnoving  the  dip 
have  m  vertical  graduated  circle  connected  with  them,  and  ■!«□  a  screw 
adjustment  for  placing  the  axis  exactly  horizontal,  ai  shown  in  fig.  17- 


Fif.  IT.  Fig.  IS. 

Fig.  IS  lepMcnts  a  rimple  form  of  magnetic  appontna  Ibr  abmring 
die  directioii  ctf  the  needle,  m  well  as  its  dip.  By  thin  contiiTtnce,  the 
needle  » i  haa  a  twt^d  free  motion,  via.,  ■  free  motioD  with  respect  to 
its  directiye  propoty,  and  a  Sne  motion,  on  its  hocizoiital  axia  //,  with 
tcgpect  to  the  angle  of  its  dip.  a  £  c  rf  is  a  light  &ame  suspended  by  an 
nntwisted  thread;  the  horizontal  axis  //  of  the  needle  turns  Ireely  in 
the  sides  a  b  and  d  c  of  the  &ame.  A  needle,  thus  suspended,  will  settle 
itadf  in  the  plane  of  the  magnetic  meridian,  and  will  also  assume  the 
true  angle  of  the  diji. 

The  subject  of  magnetic  TBriations,  &c.  will  be  more  fully  explained 
~  II  with  that  of  terrestrial  magnetian. 
25 
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TO  MAGNETIZE  STEEL  BARS,  ^c. 

1,     TO  MAONBTIZB   ▲  NEEDLE  ITITHOXTT  VSINa  AK 

ARTIFICIAL  MAGNET. 


13.  Fix  the  needle,  against  the  adgt 
of  a  taUev  in  the  magnetic  meridiaa  — 
that  iB,  nearly  north  and  aouth ;  hold 
a  long  poker  above  the  needle,  and 
another  one  below  it,  as  shown  in  PSg. 
ID ;  then  move  the  pokers  in  coutiaiy 
directions  until  they  ocane  to  the  posU 
tioDS  shown  in  Fig.  30;  repeat  thia 
operation  for  several  times,  always  ob- 
serving, at  every  successive  qperatioo» 
to  move  the  pokers  in  the  same  man- 
ner, and  the  needle  will  be  magaei- 
iaed.  Here  the  pokers,  being  held  in 
the  direction  of  the  magpetic  dip,  reaU 
ly  become  magnets,  (See  the  sabject 
of  Terrestiial  Magnetism.) 
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Fig.  19. 
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lU     TO   MAONBTIZB  STEEL   BARS,  ftc.,  BT  MAGNETS. 

14.  There  have  been  various  procesBes  devised  lor  magnetizing 
bars.    The  following  are  amangst  the  nuwt  simple  «nd  efficient :  — 

Mo$t  ea^y  Methods  of  magneiiziny  a  smaU  Needls, 

Exp.  1.  Bring  the  pointed  extremity  of  a  sewing  needle  in  ooatact 
with  the  south  pole  of  a  magnet ;  let  the  needle  remain  in  oontaet  for  a 
few  minutes ;  on  separating  them,  you  will  find  that  the  pointed  es* 
tremity  has  become  a  north  pole^  and  the  other  a  south  pole. 

Here  it  will  be  observed  that  the  end  of  the  needle  in  ooiifeact  with  the 
pole  of  the  magnet  acquires  an  opposite  or  disfiiniilar  magnetism  to  that 
of  the  pole.  The  equilibriiun  of  the  two  magnetic  fluids  in  the  needle 
ih  disturbed  by  the  pole  of  the  magnet  at  the  point  of  the  neecQe,  the 
dissimilar  magnetic  fluid  b  attracted  by  the  pole,  and  the  similar  fluid 
is  repelled. 

Exp,  2.  Rub  one  end  of  the  needle,  in  the  same  direction,  across  the 
north  pole  of  the  magnetic  bar,  and  then  rub  the  other  extremity  of  the 
needle  across  the  south  pole  of  the  bar :  then  the  former  extxenuty  of 
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the  needle  will  be  a  north  magnetic  pole,  and  the  other  extremity  a 
Bouth  magnetic  pole. 

Ej^.  3.  Place  the  needle  across  the  two  poles  of  a  harscBhoe  magnet ; 
let  it  remain  there  far  some  time ;  on  removing  it,  you  will  find  that  the 
extremity  in  contact  with  the  north  pole  of  the  magnet  has  become  a 
south  pole»  and  the  other  a  north  pole. 

Exp,  4.  Place  the  middle  of  a  needle  on  the  north  pole  of  a  magnet ; 
on  separating  them,  you  >vill  find  that  the  middle  of  the  needle  is  a 
south  pole,  and  that  its  extremities  are  north  poles.  This  will  form  a 
pretty  good  astatic  needle. 

Ejep.  6,  With  the  pole  of  a  good  magnet,  draw  any  figure  upon  the 
suifiice  of  a  clear  steel  plate ;  sprinkle  iron  filings  upon  it :  the  filings 
will  remain  suspended  at  all  those  points  which  the  pole  of  the  ma§q^ 
has  touched. 

Exp,  6.  Place  one  pole  of  a  magnet  in  the  middle  of  the  steel  bar ; 
draw  the  magnet  along  to  the  end  of  the  bar ;  return  the  magnet, 
through  the  air,  to  the  middle  of  the  bar,  and  repeat  the  stroke  in  the 
same  direction ;  repeat  this  operation  for  several  times.  Next  place  the 
other  pole  of  the  magnet  in  the  middle  a£  the  steel  bar,  and  proceed  as 
befiire,  observing  that,  in  this  case,  the  magnet  must  be  drawn  to  the 
oppoate  extremity  of  the  steel  bar. 

This  process  has  been  called  the  method  of  tingle  touch* 

The  Method  of  DoMe  T&ueh. 

16.  This  process  consists  in  touching  the  steel  bar  which  we  wish  to 
magnetize  with  both  poles  of  the  magnet  at  the  same  time.  This  method 
is  always  employed  when  large  steel  bars  are  to  be  magnetized. 

Fasten  two  bar  magnets  together,  so  that  their  diBsimilar  poles  may  be 
abgiit  one  eighth  of  an  inch  asunder;  this  wiU  be  most  readily  effected 
by  inserting  a  piece  of  card  paper  between  them,  and  tyinf;  them  with  fn 
piMs  of  cord.  Place  this  double  mftgnet  vertically  upon  the  middle  of 
the  steel  bar ;  draw  the  magnet  to  the  end  of  the  bar ;  return  the  mag- 
net, through  the  air,  to  the  other  end  of  the  bar ;  draw  the  magnet,  as 
before,  to  the  opposite  end ;  repeat  this  jirocesB  for  several  times,  taking 
enre  to  keep  tb6  pole  of  the  compound  magnet  always  in  the  same  rela- 
tive poaltion,  and  to  stop  die  process  wh^  the  magnet  has  arrived  at  the 
middle  of  te  bar.  The  operation  should  be  performed  on  both  sides 
of  the  bar. 

A  honeshoe  magiiflt,  having  its  poles  near  together,  will  answer  the 
same  purposes  as  the  double  magnet  just  desctibed. 

This  method  may  be  employed  to  magnetije  two  or  more  bars  at  the 
asDio  tnniTi 
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Place  two  steel  bars,  N  S,  N  8,  of  the  same  size,  panJki  to  each 


Fiff.  21. 

other,  and  connect  their  eztremitieB  with  two  pieces  of  soft  iron,  ▲  and 
B.    (See  f^.  21.) 

Place  the  pole  of  the  double  magnet  on  the  middle  of  one  of  the  sted 
bars,  and  move  it  completely  round  the  frame,  constantly  keeping  the 
pales  of  the  double  magnet  in  the  same  direction ;  when  you  have  com- 
pleted about  a  dosen  revolutions,  turn  the  plates  and  prooeM  as  before. 
The  poles  of  the  steel  bars  will  have  a  rererae  poaitioii  to  the  poles  of  the 
douUe  magnet. 

To  magnetize  Bbrseshoe  Bars. 

Pig.  22  shows  the  method  of  magnetizing  one  horseshoe  bar  N,  Place 
a  piece  of  soft  iron  K,  called  a  keeper,  across  the  extremities  of  the  hoFse- 
shoe ;  place  a  horseshoe  magnet  M,  whose  legs  are  at  the  same  distance 
apart  as  those  of  the  bar  N,  with  its  poles  pcqwndicular  to  the  h&EperK; 


J^.  22. 
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draw  the  magnet  towards  the  bent  part  of  the  honeshoe ;  whan  it  has 
arriTed  there,  lift  it  off,  aod  bring  it  back  to  its  firqt  position ;  repeat  the 
operation  for  about  a  dozen  times ;  then  turn  the  horsesboe  bar,  with  its 
keeper  still  on,  and  repeat  the  operation  as  before ;  and  so  on. 

The  polarity  of  each  leg  of  tfie  harseshoe  bar  will  be  siniilar  to  that 
of  the  leg  of  the  magnet  first  placed  in  contact  with  it. 

Pig.  23  shows  the  method  of  magnetizing  two  horseshoe  bars  at  the 
same  time.    The  bars  are  placed  with  their  extremities  in  contact ;  and 
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the  bcxtolioe  magiict  U  ii  moved  from  tbe  curved  part  of  one  bar  b 
the  curved  pen  of  the  other,  conslantlf  la  the  same  directum. 
The  fbllowiDg  is  also  a  cnuvenient  and  effidmt  mode  of  m 
(•ee  Fig.  24)  tar  maguetmug  bara. 


Pig.  24. 

M  M  is  the  bonethoe  magnet,  placed  with  its  pole*  sgaimt  the  ex- 
tremities of  the  hoiseahoe  bar  to  be  magnetized ;  A  is  a  soft  inm  keeper 
extending  between  the  legs  of  the  htnaeskoei ;  this  keepCT,  or  feedCT,  ia 
drawn  in  the  same  way  as  the  magnet  lepieaented  in  Fig.  23. 

Id  the  same  manner,  straight  bars  may  be  magnetiBed. 

In  Fig.  2d,  U  M  repraMnls  the  magnet,  A  the  Ueivr,  S  B  the  two 
bm  to  be  magnetized,  and  K  tbar  keeper. 


When  magnetic  ban  ore  not  in  use,  they  should  atwaya  be  put  away 
with  their  keepcn  upon  them;  thia  not  merely  ^j^^ 

preserves' their  inagnetisni,  but  also  tenda  to  in-  2[ll1 

A  compoimd  horseshoe  consists  of  a  number  of  Bllflll 

horseshoe  magnets  bound  together  by  screws,  and  "iF^ 

connected  at  their  poles  by  means  of  a  keeper,  as  I  y| 

shown  in  Fig.  2G.  Wi^ii 

Pig.  27  npttaaiu  a  lot  of  bare  bound  together  "tS* 

in  the  same  manner.  Fig.  20.        Fig.tT. 

On  the  best  Quality  of  Steel  for  mating  Magneti. 

16.  The  sled  best  suited  for  arlificiBl  magnels  is  of  a  fine 
grain,  of  uniform  structure  throughout,  and  free  from  Ikws. 
A  principal  requisite  is,  that  it  should  possess  a  proper  degree 
of  hardnesd,  and  that  it  should  be  equally  hardened,  through- 
out the  entire  mass ;  for  if  too  hard,  it  ia  extremely  difficult 
25  • 
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to  im|Mirt  to  it  any  magnetic  Tirtoe ;  and  if  too  6<^  it  read* 
ilj  loses  it  when  giyen*.  It  has  been  found  most  advantageom 
to  miike  the  steel  iu  the  first  instance  britde,  like  glass,  and 
then  to  heat  it  a  second  time,  till  it  becomes  of  a  straw  or  vio- 
let color. 

The  capacity  and  tenacity  of  artificial  magnets  are  also 
afiected  by  their  form  and  dimensions.  It  has  been  ascer- 
tained that  the  breadth  of  a  bar  magnet  should  be  about  one 
twentieth  of  ifs  length,  and  its  thickness  from  one  fourth  to 
one  third  of  its  breadth.  In  a  horseshoie  magnet,  the  space 
between  the  two  poles  ooght  not  to  be  greater  than  the  thick- 
ness of  the  bar  of  which  the  magnet  consists.  Lastly,  it  is 
necessary  that  both  bar  and  horseshoe  magnets  be  well  pol- 
ished, and  that  their  faces  be  as  level  as  possible. 

Magnetism  is  readily  excited  in  soft  Iran  Bars. 

17.  A  bar  of  soil  iron,  placed  in  the  direction  of  the  mag 
netic  dip,  becomes  magnetic  from  the  inductive  influence  ol 
the  enrtli  acting  like  a  magnet  upon  the  bar.  A  few  blow^ 
apf)lied  at  ono  extremity  of  the  bar,  thereby  causing  its  par. 
tides  to  vibrate,  will  generally  aid  the  inductive  influ^ce  of 
the  earth. 

A  bar  of  iron  heatod  to  redness,  and  allowed  to  cool  after 
bein^  pkced  in  the  direction  of  the  magnetic  dip,  will  acquin* 
a  certain  degree  of  magnetism.  Hence  pokers  and  iron  rails, 
wliicii  have  been  kept  for  a  long  time  standing  in  a  somewhat 
vesical  position,  are  generally  found  to  possess  a  low  degree 
of  magnetism. 

A  piece  of  iron  wire  may  be  rendered  magnetic  by  twisting 
it  until  it  breaks ;  and,  in  like  manner,  files  and  gimlets, 
aflcr  having  been  some  time  in  use,  become  so  much  magnet- 
ized as  to  attract  iron  filings. 

Voltaic  electricity  is  the  most  powerful  means  of  rendering 
bodies  magnetic 
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Experiment*  Allow  a  magnetic  needle 
N  S  to  assume  its  north  and  Goath  direc- 
tion; take  a  non-magnctijed  poker,  and 
bold  it  in  a  horizontal  position  and  at  right 
angles  to  the  direction  of  the  needle»  ao  as  ' 
to  bring  one  of  its  extremities,  say  its  lower 
extremity,  near  to  the  north  pole  of  tibe 
needle;  the  needle  will,  of  course,  he  at- 
tracted, if  the  poker  is  not  magnetic ;  now 
hold  the  poker  in  the  directioa  of  the  mag- 
netic dip,  as  shown  in  Fig.  2ft,  and  the 
north  pole  N  will  be  xepdled  —  thereby 
showing  that  the  lower  extremity  n  of  the 
poker  is  a  north  magnetic  pole.  The  ef- 
fect will  be  inereased  by  strikiiig  the  head  «  of  the  poker  with  a  hammer. 
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TERRESTRIAL  MAGNETISM. 

18.  In  order  to  aceoant  for  the  directive  and  dipping  prop- 
erties of  the  needle,  it  has  been  stated  that  we  must  regard 
the  earth  as  a  great  magnet,  having  a  negative  magnetic  pole 
lying  towards  the  north  geographical  pole,  and  a  positive  mag- 
netic pole  lying  somewhere  towards  the  south  geographical 
pole.  The  following  experiment  .is  highly  calculated  to  illus- 
trate this  theory. 

Experiment.  Place  a  magnetic  needle  (see  Rgs.  29  and  30)  n  «  over 
the  middle  part  A  of  a  magnetic  bar  N  S ;  in  this  position  the  needle  is 


#  A 


. V  •>' 
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Fig,  29. 
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ti 


Fig,  30. 
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exactly  horixootal,  and  the  aouth  pole  of  the  needle  is  directed  to  the 
north  pole  of  the  magnet,  and  the  north  pole  of  the  needle  to  the  south 
pole  of  the  magnet.  Thus  we  can  assign  a  cause  for  the  directive  prop- 
erty of  the  needle.  Now  slowly  more  the  needle  along  the  bar  fixnn 
A  to  S ;  at  the  position  B  the  north  pole  of  the  needle  dips  towards  the 
south  pole  of  the  magnet ;  at  the  position  C*  the  north  pole  of  the  nee- 
dle dips  still  more  towards  the  south  pole  of  the  magnet ;  and  at  S  the 
needle  hangs  Tcrtically,  with  its  north  pole  p^^t^pg  to  the  south  pole 
of  the  magnet.  Now,  in  like  manner,  more  the  needle  from  A  to  N ; 
at  the  position  b  the  south  pole  of  the  needle  dips  towards  the  north  pde 
of  the  magnet ;  and  so  on  as  befixre.  (In  Fig.  30  the  needle  is  supposed 
to  be  suspended  by  a  thread.)  Thus  we  can  account  for  the  mag- 
netic dip. 

The  phenomena  of  the  direction  and  dip  of  magnetic  nee- 
dles at  different  parts  on  the  earth's  surface  are  found  to 
coincide  with  the  effects  which  a  bar  magnet  produces  on  the 
needle,  as  above  described ;  hence  we  are  led  to  conclude  that 
the  earth  is  a  great  bipolar  magnet,  whose  poles  lie  towards 
the  geographical  poles  of  t^  earth.  As  like  poles  attract, 
and  unlike  poles  repel  each  other,  it  follows  that  the  tnag^ 
netic  pole  of  the  earth  lying  towards  the  north  is  a  negative 
magnetic  pole,  and  that  the  one  lying  towards  tite  south  is  a 
positive  magnetic  pole.  The  former  magnetic  pole  is  situated 
in  North  America,  in  the  vicinity  of  Hudson's  Bay,  in  70*  5' 
N.  lat.,  and  114*  55'  W.  long.;  and  the  other  in  72*  85'  S. 
lat.,  and  lo2<'  30'  E.  long.  At  these  places  the  dipping  nee- 
dle assumes  a  vertical  position,  as  shown  at  P  and  K,  Fig.  31. 
Sir  James  Ro^  found  the  pole  P  in  the  northern  hemisphere 
during  his  arctic  expedition  of  1829.  The  actual  existence 
of  the  magnetic  poles  in  these  places  is  further  confirmed  by 
the  fact  that  the  magnetic  needle,  at  different  parts  on  the 
earth's  surface,  is  always  directed  towards  these  points  as 
magnetic  poles. 

At  the  mttffnetie  equator  ^I  T  the  needle  assumes  a  horizontal  position. 
As  we  approach  the  magnetic  pole  P,  the  north  pole  of  the  needle  dips 
more  and  more ;  and,  on  the  contrary,  as  we  approach  the  magnetic  pole 
K,  the  south  pole  of  the  needle  dips  more  and  more.  On  the  magnttia 
merulian  K  G  P,  K  V  P,  &c,  the  needle  has  always  the  same  general 
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direction,  although  it  yaries  in  its  dip.    Let  N  8  represent  the  axis  of 
the  earth,  E  Q  tts  geographical  equator,  S  Y  N  a  geographical  meridian, 


Fig.  31. 

K  y  P,  K  X  F,  magnetic  meridians ;  then  the  angles  P  Y  N  and 
P  X  K  will  be  the  declinations,  or  angles  of  yariation,  of  the  magnetic 
needle  at  the  points  Y  and  X,  respectively.  The  commander  of  a  ship 
at  Y,  knowing  from  his  charts  the  deviation  of  the  needle  at  the  par- 
ticular spot,  will  be  able  to  ascertain  the  true  north  and  south.  The 
magnetic  parallels  D  F,  J  L,  &c.,  are  lines  of  eqtuU  magnetic  dip,  as 
shawn  at  r  and  t,  on  the*  magnetic  parallel  D  F,  where  the  needles  s  n, 
s  n,  dip  towards  the  pole  P,  at  the  same  angle. 

It  must  be  borne  in  mind  that  these  diflerent  magnetic  lines  iipon  the 
earth  are  not  exactly  formed  by  true  sections  of  the  sphere,  like  the 
geographical  circles.  Indeed,  some  of  these  magnetic  lines  have  the 
shape  of  looped  curves,  or  curves  of  double  curvature,  differing  more  or 
less  from  the  circular  lines  shown  in  Fig.  31. 

The  lines  of  equal  dip  have  been  called  ieoclimc  lines  ; 
these  lines,  as  we  have  shown,  surround  the  globe,  running 
nearly  parallel  with  the  magnetic  equator.  It  is  a  remarkable 
fact,  that  there  is  a  coincidence  subsisting  between  these  lines 
and  the  isothermal  lines,  or  lines  of  equal  heat,  upon  the 
globe :  this  coincidence  indicates  that  the  carth*s  magnetism  ii 
intimately  connected  with  terrestrial  heat. 
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The  inductile  influence  of  the  earth  upon  ban  of  soft  iron  (see 
immta,  p.  13  and  25,)  bean  a  ftrikiDg  analogy  to  the  iBdnet&on  of  mag* 
netism  by  ordinary  magnetic  bars.  The  magnetic  effects  of  the  earth 
are  undoubtedly  attributable  to  the  inductiye  influence  of  tenestrial 
magnetism. 

TARIATIONS    OF   THE   NEEDLE. 

19.  The  earth's  magnetic  powers  are  subject  to  both  reg- 
ular and  irregalar  variations.  These  variations  are  indi- 
cated bj  the  changes  which  occur  at  the  same  place,  in  the 
declination  and  dip  of  the  needle,  and  in  its  magnetic  in- 
tensity. 

The  regular  variations  follow  a  certain  law,  which  enables 
us  to  calculate  beforehand  the  changes  that  in  future  will  take 
place.  These  regular  variations  are  either  secular  or  peri- 
odic The  secular  changes  become  only  evident  afler  the 
lapse  of  years,  and  the  periodic  are  those  which,  as  it  were, 
oscillate  within  short  periods  of  time. 

Of  nil  (he  secular  variations,  the  declination  is  that  which 
has  been  most  observed,  and  which  has  been  most  exactly  de- 
termined. The  dip  and  intensity  have  but  recently  claimed 
the  attention  of  philosophers. 

About  the  year  1600,  the  needle  at  London  pointed  4i°  to  the  eaat  of 
the  north ;  1600  it  pointed  due  north ;  from  which  time  it  gradually 
deviated  to  the  west  of  the  north  until  the  ye&r  1818,  when  it  deridled 
24*3^  to  the  west  of  north,  which  was  its  maximum  deviation ;  but  for 
the  last  30  years,  its  declination  has  certainly  been  decreasing,  and  in  all 
probalnlity  it  will  continue  to  do  so  until  it  again  becomes  due  north ; 
then  the  declination  will  increase  towards  the  cast  until  the  needle  has 
again  attained  its  maximum  eastern  dedination,  when  it  will  again 
return. 

All  that  is  known  with  certainty  relative  to  the  dip  of  the  needle  is^ 
that  at  present  if  is  decreasing  in  Europe.  The  maximum  dip  of  the 
needle  at  Loxulon  took  place  about  a  century  ago,  when  it  was  about 
74^ ;  since  that  time  it  has  been  going  on  decreasing,  with  great  regu- 
larity, at  the  rate  of  3'  annually.  At  London,  the  dip  of  the  needle  at 
the  present  time  is  about  68°. 

The  variation  of  the  magnetic  intensity  has  but  recently  claimed  the 
mention  of  experimentalists ;  however,  it  seems  highly  probable  that 
this  intensity  is  at  present  decreasing  in  Europe. 
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The  eompaiB  needle^  aUo,  undeigoes  diurnal  and  annual  Tariations. 
These  vaxiationB  appear  to  be  intimately  connected  with  the  heat  of  the 
sun.  From  Bunnae  to  a  little  after  noon«  the  north  pole  of  the  needle 
movei  towards  the  west,  and  after  that  time  it  retrogrades  towards  the 
east  until  a  Uttle  after  sunset  in  the  evening,  when  it  remains  nearly 
stationary  until  sunrise.  The  extent  of  these  yaiiations  depends,  not 
only  on  the  time  of  the  year,  hut  also  upon  the  situation  of  the  place. 
In  London,  during  the  heat  of  summer,  the  yariation  is  about  19', 
whereas,  in  winter,  it  is  cnnly  about  7'.'  In  Paris,  the  summer  yariation 
is  about  Id',  ond  in  winter  about  9'.  These  yariations  disappear  u^^er 
the  magnetic  equator;  and  on  the  south  of  it  they  are  found  to  exist  in 
an  inverted  order. 

.The  dip  of  the  needle  is  also  subject  to  daQy  yariatians,  which  also 
appear  to  depend  iqpon  the  aetioii  of  the  sun's  heat  upon  the  earth ;  but 
they  do  not  exactly  accord  with  the  daily  variations  of  declination. 

The  yariations  of  magnetic  intensity  also  appear  to  depend  upon  the 
sun's  heat. 

m 

The  irregular  magnetic  yariations  are  connected  with  certain  electrical 
and  meteoric  phenomena,  such  as  the  aurora  borealis,  lightning,  and 
even  volcanic  eruptions.  A  flash  of  lightning  has  been  known  to  revene 
the  poles  of  a  needle,  and  even  to  destioy  its  magnetism  entirely. 

TBE  DECLINATION   COMPASS   AKD   MARINER'S   COMPASS. 

20.  This  apparatus  is  used  for  observiag  and  measuring  the  declina- 
tion of  the  needle,  or,  convenely,  for  determining  the  north  and  south 
direction,  or  the  meridian  line,  when  the  ina;;aetic  dc*cUnation  is  known. 
It  c<msists  of  a  magnetic  needle  N  S  (^^ec  Vig.  '^2)  delicately  siispended 
by  means  of  an  agate  or  steel  cap  O  resting  on  a  pivot.  E  F  is  a  grad- 
uated circle,  on  which  is  read  the  division  oorxcsponding  to  the  position 
of  the  needle.  The  needle,  with  its  graduated  circle,  is  placed  in  a  cir- 
cular box  covered  with  glass.  The  instrument  is  usually  furnished  with 
a  telescope  A  B,  turning  on  a  horisontal  axis  G  D,  which  carries  an  air 
level  and  a  vertical  quadrant  A,  divided  to  measure  the  angles  described 
by  the  telescope.  The  box  is  capable  of  turning  round  on  a  vertical  axis, 
by  which  it  is  fixed  on  its  stand,  in  order  to  bring  the  telescope  in  the 
diiectian  of  the  meridian ;  then  the  angle  formed  by  the  direction  of  the 
telescope,  with  the  direction  of  the  needle,  gives  the  angle  of  declina- 
tion ;  or,  when  the  declinatidh  is  known,  the  box  is  turned  until  the 
angle  made  by  the  axis  of  the  telescope  and  the  direction  of  the  needle 
are  equal  to  it ;  then  this  gives  the  position  of  the  meridian. 

The  mmrime  eompwu  differs  from  the  ordinary  compass  simply  in  hav- 
ing a  double  suspension,  which  admits  of  it)  maintaining  itself  in  a  hor* 
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izontil  poaticni,  cotwitfaitmidmg  tbe  rolling  of  tlie  Mp.    Fig.  S3  Rp- 
mcnU  *  form  of  tliis  double  nispeosioii ;  when  C  it  the  igite  or  ttsel 


cap  fixed  to  the  needle  N  S;  D  another  cap,  with  a  jdrot  fixed  to  iti 
upper  part,  on  Trhich  cap  C  tuini ;  A  the  pvot  on  which  the  cap  O 


THE  ASTATIC 

21.  F<v  the  ptnpoBe  of  conducting  raanjt  intemting  expcnment*,  it  ii 
raquinte  to  have  magnetic  needlei  on  which  the  earth  does  not  exert  any 
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directing  influence :  needles  of  this  sort  are  called  Astatic  needles.  This 
object  is  readily  attained  by  fixing  two  equal  needles  to  a  common  point 
of  suspension,  with  their  contrary  poles  together.  By  this  means,  the 
one  needle  exactly  counteracts  the  directive  tendency  of  the  other,  so 
that  the  compound  or  astatic  needle  will  be  free  to  obey  the  slightest 
attractive  force,  without  being  influenced  by  the  magnetic  power  of  the 
earth. 

Fig.  33a  represents  a  simple  and  highly  ser-  c 

viceable  astatic  needle ;  a  n  and  n  «  are  two  mag- 
netic needles,  of  the  same  size  and  magnetic  in- 
tensity, connected  at  their  centres  by  a  wire  ab; 
the  astatic  needle  thus  formed  is  suspended  by  a  ^ 
fine  thread  of  untwisted  silk  a  c.  The  applica- 
tion of  this  astatic  needle  will  be  noticed  in 
connection  with  the  subject  of  electro-dynamics.  Ftp,  33a. 


The  Inclination  Camptus, 

This  apparatus  is  used  for  observing  and  measuring  the  dip  of  the 
needle  at  diflierent  places  on  the  earth's  suzface,  or  at  different  periods  of 
time  at  any  place.    (See  Fig.  17,  p.  289.) 


AMPkRE'S   THEORY   OF   MAGNETISM   AND   ELECTRa 

DYNAMICS. 


JVy.  34. 


22.  Ampere  considered  that  a  magnet  is  formed  by  a  magnetic  cur- 
rent, which  he  believed  to  be  the  same  as  an  electric  current,  circulating 
round  it  constantly  in  the  same  direction,  as 
shown  iu  Fig.  34.  Supposing  the  magnet  to 
have  its  north  and  south  direction,  then  the  cur- 
rent enteiB  at  the  south  poles,  and  circulates 
round  the  magnet  spirally,  (like  a  corkscrew,) 
along  its  length  from  south  to  north,  as  shown 

in  the  figure ;  that  is,  the  current  is  directed  from  east  to  west  in  the 
lower  face  of  the  magnet,  and  therefore  from  west  to  east  in  its  upper 
face ;  or,  in  other  words,  the  current  is  ascending  in  the  face  situated  on 
the  west,  and  descending  in  the  face  on  the  east.  Steel  bars  become 
magnets  when  this  regular  current  is  permanently  excited  in  them. 
Ampere  established  this  theory  by  showing  that  a  helix  of  copper  wire, 

26 
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through  which  an  electric  coxrent  is  tnmBmittedt  poacsBes  aU  the  prop- 
ertieB  of  a  magnetic  needle.  Aa  a  necessary  oonaequenoe  d  this  thoorjr, 
it  fiftUows  that  parallel  cuxrents  moving  in  the  same  direction  mutuallj 
attract,  and  that  they  mutually  repel  when  they  are  noTiog  in  a  con- 
trary direction.  Now,  wires  conducting  electrical  currents  have  nsiUy 
this  property.  This  escplains  why  liibe  poles  repd  and  unlike  poles 
attract.  But  this  theory  will  he  more  fully  explained  in  connection 
with  the  Buhjeet  of  deetro*dynanucs. 


VOLTAIC  ELECTRICITY. 

1.   Galvanism,  or  Voltaic  Electridty,  is  prodaced  by  a 
certain  chonical  action  apon  two  different  metala  when  brougbt 
into  contact.     Galvani,  of  Bologna,  observed  that  when  he 
touched  a  nerve  and  muscle  in  the  leg  of  a  dead  frog  with 
two  different  metals,  on  bringing 
these  metala    into   contact,   the 
leg  underwent  a  convulsive  mo- 
tion,  as  shown  in  Fig.  35,  where 
Z  and   C  aro  the   two  metals 
brought  into  contact  at  A,  the 
extremit^r   B  being   in   contact 
with  the  nerve,  and  D  with  the 
muscle.    Galvani  conaidered  this 
effect  as  due  to  something  in  the  ^'     ' 

animal  structure,  and  hence  he  called  it  animal  eketrieity,  bat, 
out  of  respect  to  the  discoverer,  the  name  of  galvanic  elee- 
trieitji  was  given  to  it.  But  Volta  soon  after  showed  that  the 
effect  was  entirely  due  to  the  production  of  electricity  by  the 
action  o£  the  two  metals  upon  each  other,  and  that  the  nerves 
and  muscles  of  the  animal  merely  cxliibited  the  free  elec- 
tricity in  the  same  way  as  any  other  delicate  electroscope 
might  do.  This  leading  conception  conducted  him  to  a  series 
of  splendid  discoveries,  and  in  particular,  in  the  first  year  of 
the  present  century,  led  liim  to  the  construction  of  the  voltaic 
pile,  which  stands  in  the  same  relation  to  voltaic  electricity 
that  the  common  electrical  machine  does  to  frictional  eleo* 

VOLTAIC   PILK. 

2.  A  number  of  circular  ptalcB  of  copper  and  ztnc,  and  of  dotli  at 
caril,  almut  3  inches  diameter,  weic  provided,  and  uTBnged  in  the  fbnn 
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JPVy.  36. 


of  a  pile,  (Fig.  3C.)  The  base  of  the  pile  is  a  copper  disk,  upon  which  a 
zinc  disk  is  placed  ;  (these  two  disks  form  what  is  called  a  pair ;)  orer 
this  pair  a  second  similar  pair  is  placed,  observing  always  that  the  copper 
is  below  the  zinc ;  the  second  pair  is  separated  from  the 
first  by  the  circular  cloth  or  card,  moistened  with  a 
weak  saline  or  acid  solution.  Upon  the  second  pair  is 
placed  a  third,  separated  also  by  a  moistened  circular 
piece  of  cloth  or  card,  similar  to  that  which  preceded. 
In  this  manner  a  considerable  number  of  pairs  are 
placed  in  the  same  order,  one  over  the  other,  and  re- 
tained in  their  upright  position  by  means  of  rods  of 
glass.  When  the  base  plate  of  the  pile  rests  upon  an 
iusulating  plate  of  glass,  this  lower  plate  is  found  to  be 
charged  with  negative  electricity,  whilst  its  upper  |)late 
is  chai'god  mth  positive  electricity.  These  extremitieB 
sure  called  the  poles  of  the  pile  or  battery,  the  lower  ex- 
tremity being  the  negative  pole,  and  the  upper  extrem- 
ity the  positive  pole.  If  the  metals  had  been  placed  in 
u  reverse  order,  then  the  poles  would  also  obviously  be  reversed.  Two 
wires,  one  leading  from  the  extreme  copper  plate,  and  the  other  from  the 
extreme  zinc  plate^  conduct  the  electricity  of  the  respective  polos  to  any 
substance  upon  which  the  electric  fluid  is  required  to  act.  When  the 
extremities  of  these  wires  are  brought  together,  an  electric  spark  passes 
between  them,  arising  from  the  neutralization  of  the  two  different  kinds 
of  electricity.  When  these  wires  are  held  one  in  each  hand,  (the  pum- 
bcr  of  pairs  in  the  pile  being  suf&ciently  great,)  a  rapid  succession  of 
sliocks  are  felt.  When  the  extremities  of  the  two  wires  are  connected 
by  a  very  fine  platinum  or  silver  wire  about  half  an  inch  in  length,  the 
neutralization  of  the  two  electricities  causes  this  fine  wire  to  rise  in  tem- 
perature, and  to  become  red  hot.  The  length 
of  the  fine  wire  which  may  thus  be  rendered 
incandescent  is  in  proportion  to  the  power  of 
the  pile. 

^Vhen  the  two  wires  proceeding  from  the  two 
poles  of  the  pile  are  immersed  near  each  other 
ill  acidulated  water,  the  water  is  decomposed 
iato  its  two  constituent  gases,  hydrogen  and 
oxygen,  the  oxygen  being  liberated  from  the 
wire  proceeding  from  the  positive  pole,  and  the     i* 
hydrogen  from  the  wire  proceeding  from  the    +^| 
negative  pole;   the  volumes  of  the  gases  arc     ^"^ 
constantly  in  the  same  proportions  that  consti-  Fig.  37. 

tute  water ;  that  is  to  say,  one  volume  of  oxy- 
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gen  to  two  volumes  of  hydrogen,  as  nhovn  in  Fig.  37.    In  this  experi- 
ment, tlie  subinergnl  paitH  of  the  two  wires  must  be  platinum. 

llitse  phenomena  are  merely  simple  examplcB  of  the  various  and  im- 
portant effects  produced  by  the  action  of  the  Toltaic  pile  or  bnttrry, 
whieh  ■we  shall  hercaJter  more  fiilty  consider. 

When  the  number  of  pain  in  the  pile  is  eo  "  >* 

great  that  ita  height  would  be  ineonrenient      t 
when  placed  in  a  nogle  column,  the  plates     c 
nay  be  urauged  in  two  or  more  columni,  as     ^ 
shown  in  Fig.  33,  where  the  continuity  of  the 
pile  is  sustained  by  the  bars  B  and  B'.     In 
ihis  case,  the  negalive  pole  of  the  pile  k  at 
N,  and  the  poadve  pole  at  P,  and  the  effect 
of  the  whole  is  the  some  as  if  the  second  were     * 
placed  over  the  Bist,  and  the  third  over  the     c 

V(dta  proposed  a  second  airangcment  of  the     c 
jule  or  battery,  called  the  Counmiie  de  Tanei.  V  b' 

This  fatm  of  the  apparatus  is  represented  in  Fiif.  38. 

Hg.  39 ;    it  consiats  of  a  series  of  cups  or 

glaa«s,  containing  a  saline  or  acidulated  solution.    Each  put  of  copper 
and  one  plates  is  immosed  in.  the  separate  cups ;  the  nnc  plate  in  one 


cup  bdng  connected  b?  a  wire  with  the  coiqier  plate  in  the  succeeding 
cnp,  and  so  on  ;  the  wire  Q>  proceeding  fnna  the  fint  line  [dale,  fisms 
the  negative  pole  of  the  battery,  and  the  wire  P,  proceeding  from  Ibe 
last  copper  plate,  forms  the  positive  pole  of  the  battery ;  the  same,  in 
■natter  of  iact,  sa  in  the  ordinary  pile  just  dracribed. 

Very  gteat  improvements  have  been  made  in  the  construction  of  thee 
batteries ;  but  before  we  prooecd  to  describe  them,  we  shall  give  a  fetf 
simple  and  instructive  experiments,  calculated  to  elucidate  the  genera] 
princ^des  and  eficcts  of  vdtaie  electriciCv. 
2G» 
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rRELDONART  VIEWS  AND   SIMPLE    EXPERIMENTS    ON  TOL^ 

TAIC    ELECTRICITY. 

S.  Exp,  1.  Place  a  piece  of  sheet  zinc  under  your  tongue ;  lay  a  half 
crown  upon  the  tongue ;  no  peculiar  seuEation  is  felt  >o  long  as  the 
two  metak  do  not  touch  each  other :  now  bring  the  edges  of  the  two 
metals  in  contact  with  each  other;  a  diaagreeable  taste,  something  like 
copperas,  is  instantly  excited. 

Uere  tho  saliva  on  the  tongue  between  the  two  metals  is  the  exciting 
cause  of  the  development  of  the  electric  fluid;  and  when  the  edges  of 
the  metals  are  brought  into  contact,  the  voltaic  drde  is  fanned,  and  the 
peculiar  sensation  of  taste  la  the  effect ;  but  when  the  voltaic  drde  is 
broken  this  sensation  instantly  ceases.  The  peculiar  taste  of  porter, 
when  drunk  out  of  a  pewter  pot,  is  also  due  to  the  same  cause. 

Expn  2.  Instead  of  the  half  crown,  in  the  last  experiment,  use  a  piece 
of  charcoal  or  a  piece  of  cast  iron. 

Exp.  3.  The  first  experiment  gave  you  a  tatte  of  voltaic  electricity ; 
now  the  following  experiment  will  give  you  a  tight  of  it. 

Place  a  silver  spoon  between  the  gums  and  one  cheek,  and  a  strip  of 
zinc,  in  a  similar  position,  on  the  other  cheek ;  complete  the  voltaic  cir- 
cuit by  bringing  the  extremities  of  the  metals  together  on  the  outside  of 
the  mouth ;  a  slight  flash  of  electric  light  will  instantly  be  seen.  Uepeat 
the  experiment :  the  flash  will  always  be  seen  at  the  instant  the  two 
metals  are  brought  into  contact ;  and  a  smaller  flash  will  be  seen  at  the 
instant  the  contact  is  broken.  The  first  experiment  may  be  also  per- 
formed by  the  silver  tea  spoon  and  the  zinc  strip. 

Exp*  4.  Lay  a  five  shilling  piece  on  a  larger  plate  of  ano ;  on  the  coin 
place  a  Uve  leech  or  a  Uve  snail ;  so  long  as  the  creature  does  not  oome 
into  contact  with  the  rinc,  he  appears  perfectly  at  his  ease ;  but  the 
moment  he  moves  so  as  to  touch  the  zinc,  thereby  completing  the  con- 
nection between  the  two  metals,  he  receives  a  shock  and  instantly 
recoils. 

Exp,  6,  Place  a  silver  spoon  S  in  a  glass  containing 
a  solution  of  sulphate  of  copper ;  Mo  the  same  glass 
insert  a  strip  of  zinc  Z.  No  change  takes  place  in 
either  of  the  metals,  so  long  as  they  are  apart :  bring 
the  upper  ends  of  the  metals  in  contact  with  each  other ; 
the  olver  spoon  will  become  coated  with  copper,  which 
will  adhere  so  firmly  that  mere  friction  will  not  take 
it  off. 

4.  This  experiment  fully  illustrates  tho  eledrotifpe        Fig,  40. 
proceu, 

Exp.  6.  Place  a  slip  of  copper  C  (see  Fig.  41)  in  a  glass  containing 
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faydmchloric  acid ;  into  the  Mme  glan  intert  ■ 
as  the  mDWJs  renuio  apart,  no  chemical  action  o 
tridty  a  developed ;  bring  the  upper  extremi- 
ties d  of  the  metals  into  contact ;  active  decom-  . — 

poeitum  immcdiatel;  brgina ;  the  chlorine  com- 
toncB  with  the  anc,  and  the  hydrogen,  set  free, 
nuka  its  appeftrtmce  at  the  nirface  of  the  cop- 
per in  the  tbrm  of  minute  bubbles  —  voltaic 
dectridty  is  in  action.  Withdraw  the  ex- 
tronities  of  the  metals  from  each  other ;  the 
electrical  drcuit  is  broken  —  electrical  actirai 
no  longer  exists;  restore  the  omtact,  and  the 
electrical  action  is  again  renewed. 
Tbe  diseugagoncnt  of  electricity  is  always  in 

which  is  most  acted  upon  by  the  fluid  gives  ^-  *1- 

aft  its  negatire  fluid  to  the  otha  plate,  and  the 

conaajuence  of  this  is,  that  the  current  piwiceds  &om  this  latla  plate  to 

tbe  farmer.     In  the  experiment  just  given,  the  xinc  plate  is  acted  upon 

by  the  add,  and  the  voltaic  cuirent  proceeds  inaa  the  tippCT  extremity 

gf  tbe  ccqtper  plate  to  tbe  one  plate,  as  shown  in  the  figure. 

The  cheapest  add  &a  generating  small  portions  of  voltaic  electricity 
with  zinc  and  coi^>ct  plUes  is  sulphuric  acid,  diluted  with  about  twelve 
parts  of  water  to  one  of  the  strong  acid. 

Eip.  7.  Bend  the  rino  Z  as  shown  in  Fig.  42  ;  plaoo      ^- 
a  bit  of  blotting  paper,  moislaied  with  iodide  of  potas-     jjw^ 
lium,  upon  tbe  zinc  at  A ;  bring  the  ezticmity  B  of  the 
strip  of  copper  C  (or  platinum)  in  contact  with  the 
moistened  paper ;  the  current  of  tbe  electric  fluid  p 
in  tbe  direction  of  the  arrow ;  the  iodide  of  potasiui 
is  dccoroposed  by  the  electric  current ;   iJio  iodine  i 
evolved  at  the  podtivc  pole,  and  the  alkali,  free  potassa,        ^v.    in 
at  the  n^utive  pole. 

The  experiment  will  be  marc  striking  if  a  drop  of  a  solution  of  starch 
be  also  added  to  the  moistcnid  papir. 

E.rp.  9.  Pnform  the  same  eiporunent  with  the  bibulous  paper  moist- 
ened with  prusstato  of  polasu,  slightly  acidulated  with  hydrochloric 

£jp,  0.  Twist  a  piece  of  copper  wire,  in  the  form  of  a  spiral  or  hdii:, 
wund  a  small  glass  tube ;  connect  the  catrcmiiiea  of  the  wire  with  the 
nnc  and  copper  platoi  immor<ve<l  in  diluted  sulphuric  acid ;  insert  a  steel 
needle  into  the  gloss  lulw ;  after  a  short  time,  the  needle  will  be  found 
to  be  imwerfully  masnttie. 
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Exp.  10.  Bead  a  piece  of  soft  iron  wiie  H  into  the  fonn  of  a  home- 
■lioe  nugnct :  twist  a  piece  of  oopper  wire,  oorered  with  silk  or  cotton, 
raund  this  wiit^  m  ibown  in  Kg.  19 ;  connect  the  exttanitieB  of  Qax 


Fij.  13.  Ftj.  44. 

wire  with  die  rdtwe  plates  Z  and  C ;  the  hon««hoe  wire  H  iiwtantlj 
becomes  a  magnet.  If  you  have  no  covered  wire  at  hand,  wrap  a  piece 
of  pap?r  round  the  honeshoe  wire  belbre  jrou  tnist  the  copper  wire 

Eep.W.  Place  the  copper  wire  C  Z,  connecting  the  Toltuc  plates,  in 
the  plane  of  the  maf^ctic  meridian;  bring  a  magnetic  needle  exactly 
ova-  the  wire  C  Z;  the  needle  will  be  deflected  from  its  north  and  south 

direction  by  the  action  of  the  win?  C  Z,  conducting  the  volt^  current ; 
now  bring  the  nredle  exactly  below  the  wire  C  Z  ;  the  needle  will  be 
deflected  to  the  aie  opposite  to  that  towards  which  it  was  before  de- 
flL-cted. 


F  THE  VOLTAIC  CimHENT. 

5.   Fig.  i5  rcpresaita  a  single  pair  of  xinc  and  copper  plates  acted 
upon  by  a  diluted  neid  ;  the  connecting  wire  C  Z  shows  the 
direction  of  the  electric  fluid ;  that  portion  of  the  copper       ^^^^^ 

plate  wliich  is  immersed  in  the  acid  becomes  charged  with  e/        e 
negative  electricity,  and,  as  a  necessary  result  of  the  law  of        g    J"  _. 

electrical  rqiulsion,  the  positive  fluid  is  driven  off  from  the  \M_    / 

upper  extremity  ;  hence  the  direction  of  the  current.    In  all  f  B^   1 

.  batteries,  the  current  will  always  proceed  from  the  wire  at-  [  a   ' .  J 

tai;hcd  to  the  metul  UoEt  acted  upon  by  the  decomposing  fc'^i^ 

fl"'!!-  Fig.i6. 
In  Volla's  battery,  represented  in  Fig.  39,  of  which  all 
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Other  batteries  may  be  regarded  as  mere  modifications,  the  wire  P  at- 
tached to  the  last  ooppec  plate  will  be  a  positive  or  -f*  pole,  and  the  wire 
Q  attached  to  the  fijst  zinc  plate  will  be  a  negative  or  —  pole. 

Fig.  46  repreKnts  a  voltaic  arrangement  of  two  plates  Ft.,  Ft.,  of  the 
same  metal,  viz.,  platinmn,  immerBed  in  different  fluids,  —  A  an  alkali, 
and  e  concentrated  nitric  acid,  separated  by  a  porous  partition  a  h.  The 
platinum  immersed  in  the  alkali  becomes  positively  electrified,  and  that 
in  the  add  negatively  electrified,  and  the  cunent  flows  as  shown  in  the 
figure. 


*Tt 


Fig.^1. 


Fig.  47  shows  the  voltaic  action  which  takes  place  when  different 
metals  are  immersed  in  different  fluids.  The  platinum  plate  Ft.  is  im- 
mersed in  concentrated  nitric  acid  M,  and  the  zinc  plate  Z  in  concen- 
trated sulphuric  acid  S,  the  two  acids  being  separated  from  each  other 
by  the  parous  partition  ab.  In  this  case,  the  most  intense  electromotive 
tension  is  excited,  the  one  metal  being  immersed  in  that  fluid  which 
renders  it  most  powerfully  negative,  and  the  other  metal  in  that  fluid 
which  renders  it  most  powerfully  positive.  This  is  the  principle  upon 
which  Groove's  battery  acts,  which  is  certainly  the  most  powerful  that 
has  yet  been  constructed. 


DIFFERENT  FORMS   OF  THE   VOLTAIC   BATTERY. 

6.  Cruickihank*a  IntUryt  represented  in  Fig.  48,  consists  of  an  oblong 
trough  of  baked  wood,  divided  into 
cells,  to  be  filled  with  acid,  by  a. 
number  of  pairs  of  rectangular  plates 
of  zinc  and  copper.  This  form  was 
a  decided  improvement  on  the  com- 
mon pile,  but  still  it  had  several  in- 
conveniences in  practice. 

The    arrangement    represented  in 


^3^  ^^\ 


Fig.  48. 
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Fig.  49  removed  many  of  these  inoonrenienoeB.  It  fe  mefdy  ft  digbt 
roodifloetkm  of  the  Counnne  de  TtmcB,  mpicwuted  in  Fig.  39.  The 
trough  T>  with  its  ceiDs,  is  made  of  wedgewood  ware;  the  plates  of  zinc 
and  eopper,  fimnng  each  pair,  are  soldered  together  hy  t  connecting 


1^.49. 

rod  at  the  top»  leaving  them  sufficientlj  apart  at  the  bottom  to  span 
the  partitionB  of  the  trough.  The  plates,  thus  joined  in  pairs,  are  all 
attached  to  a  wooden  bar  C  D,  by  which  they  may  be  readily  let  down 
into  the  trough,  when  they  are  required  to  be  in  action,  or  withdrawn 
firom  the  trough  when  the  action  is  to  be  suspended. 

The  greatest  advantage  attending  this  atrangement  is,  that  by  simply 
raising  the  {dates,  the  fluid  may  remain  in  the  trough  whOe  the  action 
of  the  battery  is  suspended. 


Fiff.  60. 

Wolhuton'M  haitenf,  —  WoUaston,  having  discovered  that  the  eflfeet  of 
the  foregoing  battery  was  augmented  by  increasing  the  surfiice  gjlven  to 
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the  copper,  he  envekipcd  the  liiic  plate  of  each  pair  with  the  otqipeT  plate 
«f  the  preceding  one,  taking  care,  at  the  same  time,  to  anud  aU  metallia 
«outact  betweoi  these  two  platei.  By  thta  unngement,  tba  copper 
plate  ha*  double  tbe  luriace  cf  the  one  idatA. 

Fig.  fil  rCfiroMnts  a  more  wnTcuicat  lana  ot  this  baltay,  whae  the 
tnnigh  if  rqilaoed  by  a  acna  of  glMsjan.    Tb*  acid  can  be  noraMnly 


m  dbehaiged  from  these  Beparate  cella  thai 
b  of  the  {lecaliiig  Ibnn  of  tike  ^iponitiu. 


neMieal  baltay, —  In  thia  faattfty,  the 
Inlit  the  fbnn  of  a  helix,  aiid  plunged  into  a 


glass  Te»el  containing  the 
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diluted  acid ;  the  helix  of  the  sine,  in  eaeh  pair,  must  not  be  in  metalHe 
contact  with  that  of  the  copper ;  but  the  hehx  of  zinc  in  one  veasel  must 
be  in  metallic  communication  with  the  helix  of  copper  of  the  succeed- 
ing pair,  and  so  on.  as  in  WoDaston's  battery.  Tig.  6%  shows  the  man- 
ner of  forming  each  pair  of  helixes,  and  Fig.  63  the  trough  adaptatUn 
for  each  pair.  This  airangement  presents  a  great  sur&ce  of  metal  in 
each  pair  to  the  action  of  the  acid,  without  the  necessity  of  haring  Tcxy 
large  troughs.  The  acid  mixture  for  charging  this  battery  is,  water 
mixed  with  one  fortieth  in  volume  of  strong  sulphuric  acid  and  one  six- 
tic*th  of  nitric  acid. 

The  batteries  hitherto  described  all  hare  one  decided  incouTenience, 
liz.,  that  after  a  short  time  they  lose  their  power,  which  occasions  theoi 
to  act  with  a  variable  force  during  the  same  course  of  experiments.  The 
zinc  plates  soon  become  covered  with  sulphate  of  zinc,  and  the  copper 
plates  with  hydrogea  and  even  oxide  of  zinc ;  these  deposits  not  enly 
greatly  reduce  the  power  of  the  battery  when  in  use,  but  also  require 
the  plates  to  be  cleaned  before  being  put  into  action  again.  In  order  to 
avoid  these  inconvenienceB,  Daniell,  Qrovob  and  Bunsen  invented  their 
constant  batteries. 

CONSTANT  BATTERIES. 


7.  These  batteries  are  constructed  on  the  principle  explained  in  con- 
nection wiUi  Fig.  47,  "p,  309  ;  where  the  porous  partition,  without  inter- 
rupting the  conduction  of  the  voltaic  fluid,  prevents  the  accumulation 
of  depositions  upon  the  plates.  a 

DanieWt  eonatant  battery.  —  A  single  pair  of  this 
battery  is  represented  in  Kg.  64.  A  is  a  copper  ves- 
sel;  C  a  porous  cell,  into  which  is  inserted  a  cylinder 
of  amalgamated  zinc  B  ;  a  and  h  are  binding  screws 
for  connecting  the  respective  metals  with  others  in 
the  scries,  or  for  attaching  conducting  wires  when  a 
single  pair  (mly  is  to  be  used.  The  cell  C  into  which 
the  zinc  dips  is  filled  with  diluted  sulphuric  acid, 
(one  of  strong  acid  to  about  twenty  of  water ;)  and 
the  copper  vessel  A  is  filled  with  a  saturated  solution 
of  sulphate  of  cc^per.  So  long  as  the  poles  a  and  h 
are  disconnected,  no  action  will  take  place ;  but  the 
moment  the  circuit  is  completed  by  connecting  the 
screws  a  and  6,  a  very  powerful  action  occuxb  ;  the  /y^,  54, 

inner  surface  of  the  copper  vessel  becomes  gradually 
covered  with  a  layer  of  pure  copper,  and  the  porous  cell  C  becomes 
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charged  with  sulphate  of  zinc  This  process  tends  to  depriye  the  solu- 
tion  of  sulphate  of  copper  of  its  copper,  and  to  neutralize  the  sulphuric 
acid  by  the  dissolution  of  the  zinc ;  in  order,  therefore,  to  sustain  the 
action  unimpaired,  some  crystals  of  sulphate  of  copper  are  placed  upon 
a  peijbrated  shelf  e,  in  contact  with  the  solution. 

Fig.  66  shows  the  manner  in  which  a  series  of  these  'cells  are  con- 
nected so  as  to  Ibrm  a  battery. 


Fig.  66. 


The  adyantages  of  this  battery  are  as  follows :  (1.)  The  solution  of 
the  zinc  is  kept  apart  from  the  copper  by  the  porous  oell.  (2.)  The  hy- 
drogen, instead  of  escaping,  as  in  the  ordinary  batteries,  combines  with 
the  oxygen  of  the  oxide  of  copper,  and  precipitates  pure  copper  upon  the 
side  of  the  copper  yessel,  and  docs  not  in  the  slightest  degree  aifect  the 
action  of  the  battery.  (3.)  There  are  no  noxious  fumes  arising  from  the 
action  of  the  battery.  (4.)  The  amalgamation  of  the  zinc,  without  at 
all  affecting  the  production  of  electricity  by  the  battery,  prevents  the  zinc 
from  being  dissolTed  by  the  sulphuric  acid  when  the  battery  is  not  in 
use  —  that  is  to  say,  when  its  poles  are  not  united  by  a  conductor ;  but 
the  moment  this  imion  takes  place,  the  zinc  is  attacked  by  the  add  just 
atf  if  the  mercury  were  not  there,  only  the  oxide  that  is  formed  does  not 
adhere  to  the  surface  of  the  metal,  which  it  would  do  if  the  zinc  were 
not  amalgamated,  and  would  thereby  tend  to  weaken  the  action  of  the 
battery.    Plates  of  zinc  are  very  eai^y  amalgamated  by  pouring  mer- 
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eurj  upon  the  tine,  and  >t  tlie  buds  timB  rubUng  it  on  tlic  ■orfaet 
wub  >  pece  of  chamoia  Icatber  lUpped  in  ^uted  mlpliuiic  adda  whtdl 
clOLoa  tbe  lurface  of  tlie  ziuc,  and  tho^ij  brings  the  merciu;  and  bus 
iulo  combiiiatioD. 

Grow'i  battery.  —  This  beltery  «  ecn- 
stnictcd  on  tlie  same  principle  ta  Dan- 
icU*s  1  that  ia  to  say,  the  platm  are  acted 
upon  bj  two  liquids  uparated  from  each 
otbiT  b^  ■  porous  earthen  ware  pertitioD.  i 
The  paira  of  [data  are  ctmipoeed  of  amal- 
gamated (inc  Z  and  platinum  fail  Ft, 
plungi-d  into  a  cell  A  B  C  D  composed  of 
glazed  porcelain  or  gloss.  TheccU  ABCD 
is  filled  with  diluted  eulphiiric  add,  which 
acts  dirccUj'  upon  the  zinc :  and  the  ponnia 
cell  a  into  which  the  platinmn  is  plunged 

ia  &Ued  with  nitric  acid.    The  platinum  ■ 

plala  Pf  is  in  metallic  contact  ii-ith  the  one  l 
of  the  succeeding  cell,  as  shown  at  a;  and  „. 

ao  on  to  tbe  whole  eerics  of  cell*  in  the  V-      - 

batter}-.  A>  the  power  of  thae  botterira  ia  much  increased  by  giTing  to 
the  zinc  plata  a  vcrjr  large  Eurface  aa  compared  with  the  surCace  of  tbe 
platinum  piatea,  the  zinc  plates  aie  bent  round  the  ponma  cell  a,  ao  that 
Ihej  ibnn  in  each  cell  two  vettical  aurfaces  imited  bj  a  boriamtal  sut- 
face  at  the  bottom. 

When  the  poles  of  thia  battery  are  united,  so  as  to  bring  it  into  ac- 
tion, the  hydn^en  ariung  &om  the  decomposition  of  diluted  acid  does 
not  attach  itself  to  the  platinum,  but  goes  to  change  the  nitric  add 
into  nitrous  acid ;  the  oxide  of  linc  remaina,  as  in  Daoiell's  batteryi  in. 
the  cell  of  the  diluted  add,  without  penetrating  thmugb  the  porous  cdl 
10  the  platinum,  which  conaequaitly  renuuna  perfectly  dean ;  this  dr- 
rumstance  essentially  contributea  to  keep  up  the  power  and  constancy  of 
the  battery,  which  render  it  so  Taluable  aa  a  voltaic  comlnnBtioo.  Afta 
a  time,  however,  the  nitrous  add,  which  is  constantly  formed,  acquires  a 
high  temperature,  and  gtTes  off  deleterious  fumea ;  when  this  takee  place, 
the  action  of  the  battery  should  be  amxted.  This  battery,  for  almost 
evpr3-purpoee,ia  the  most  powerful  that  has  yet  beoiccaistmcled.  About 
half  a  doiea  c«lls,  with  a  platinum  surface  in  each  at  ten  square  inches, 
will  be  Ibuud  sufficiently  powerful  for  performing  all  the  meet  interen- 
iiig  dpdiments  connected  with  voltiuc  electridty. 

Burum't  baOgry  diSea  &om  Qiove's  mily  in  charcoal  bang  substituted 
(or  tbe  platinum.    The  cdlx  of  thia  battery  have  the  cylindrical  form. 
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'*  Tcpmanted  in  Rg.  61,  in  eonaequeoce  of  tbe  cutoo  oi  dharcMl  l»ng 
beat  made  in  the  fonn  of  hollow  cyUnden.    The  (trip  of  capga  A  B 


Fig.  61. 

■hmn  bow  Uu  luic  of  ooe  odi  i*  united  with  the  carbon  c^liiider  of  the 
■ucceeding  cell ;  end  to  od.  The  figure  alao  ebowa  how  the  HiipB  of 
copper  C  ind  D  fanning  the  poke  of  the  battery  are  connected  with  the 
extreme  cell*  of  the  batloy. 

Each  chatcoal  cylinder  umally  cairies  a  collar  of  copper  at  iti  upper 
end  Ibr  the  puipoae  of  Axiug  the  cMmectiiig  ctiip  of  copper  to  it ;  this 
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copper  stands  abovB  the  glass  Tessel  so  as  not  to  come  in  contact  with  the 
nitric  acid ;  however,  it  is  found  that,  owing  to  the  porous  nature  of  the 
chazcoal,  the  add,  to  a  certain  extent,  rises  to  the  copper  collar,  and  in 
time  destroy  its  efficiency,  llie  following  contrivance  (see  Pig.  68) 
completely  remedies  this  inconvenience :  the  charcoal  cylinder  C  is  solid ; 
and  into  its  top  is  thrust  a  stout  copper  rod  N  M,  which  is  hent  so  as  to 
be  brought  into  contact  with  the  succeeding  zinc  cell.  To  prevent  the 
acid  ascending  to  this  copper  rod,  the  top  of  the  charcoal  cylindo-  sur- 
roimding  the  wire  is  covered  with  a  cement  of  wax. 

It  is  almost  imnocessary  to  say  that  the  charcoal  cylinder  in  this  bat- 
ter}' is  pltmged  into  the  nitric  add,  filling  the  porous  tube  or  cell,  and 
that  this  parous  cell  is  placed  within  the  cylinder  of  amalgamated  sine, 
which  is  surrounded  by  the  diluted  sulphuric  acid  filling  the  glass  jar 
or  porcdain  vessd. 

Smee'a  battery,  —  In  this  battery,  the  plates  are  acted  upon  by  only 
one  Uquid,  viz.,  diluted  sulphuric  add,  (one  part  of  add  to  about  seven 
ports  of  water.  Fig.  o9  represents  one  of  the  cells  of 
this  battery.  A  the  earthen  ware  cell  filled  with  the 
diluted  add;  Z  Z  two  vertical  plates  of  amalga 
mated  zinc,  one  on  each  side  of  the  jilatinized  plate  of 
silver  S  ;  10  a  bar  of  wood,  to  which  these  plates  are 
fixed ;  b  a  binding  screw,  which  secures  the  zinc  plates 
to  the  wooden  bar.  The  connections  aro  made,  as 
usual,  by  means  of  the  small  binding  screws  shown 
in  the  figure.  This  forms  a  highly  economical  and 
efficient  battery.  Although  its  power  may  be  len  than 
Grove's  battery,  at  the  same  time  it  is  in  many  re- 
spects more  convenient  and  agreeable  fat  general  use, 
especially  for  conducting  experiments  xdating  to  dec- 
tro-magnetism.  JFV^*  69* 
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$.  These  instruments  are  used  for  measuring  the  power 
of  a  battery.  There  are  three  kind^  of  vollameierj  at  pres- 
ent in  use ;  one  of  them  <lepends  upon  the  decomposing  power 
of  the  battery,  another  upon  its  heating  pover,  and  the  third 
upon  its  magnetizing  power. 

It  hu  already  been  shown  how  the  poles  of  a  b«tt«r7  resolve  water 
into  in  cOBStiluent  gaet  —  hydrogen  and  oxjgea.  Now,  it  is  pnsumed 
that  this  deconiposing  power  of  a  battery  i>  in  propcation  to  its  general 
power,  or  rather  in  proportion  to  the  quantity  of  electric  fluid  dcveloj>ed 
by  the  battery.  Now,  in  the  gas  voltameto*  rctveBOited  in  Figa.  60, 61, 
and  62,  the  qoantit]'  of  gas  liberated  by  the  poles  of  the  battery  in  'a 
given  time  is  taken  as  the  measure  of  the  power  of  the  battery ;  or,  what 
Bmounla  U  the  same  thing,  the  power  may  be  measured  according  to 
the  invene  ratio  of  the  time  requisite  for  Lberating  a  given  valam«  of 

In  Hg.  60,  the  platinum  poles  of  the  batter?  sie  placed  vertically  in 
a  gnduated  glass  tube  D.Tvy  near  to  each  other;  the  lower  extremittea 


2B  out  at  the  bottom  voacl  V  containing  the  wata,  sc 
may  be  readily  made  between  them  aod  tha  wire*  le 
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fiom  the  eatreme  pUtes  of  fhe  botterj.  The 
two  gases  in  this  instrument  aie  received  in  the 
same  tube;  they-  may,  howercr,  be  received  in 
separate  tubes,  as  in  the  instrument  represented 
in  Fig.  37  ;  but  in  this  case,  the  platinum  poles, 
being  at  a  greater  distance  from  each  other, 
cause  the  decomposition  to  go  on  more  slowly. 
AVhen  the  battery  has  very  great  power,  the 
gasea  are  usually  collected  in  a  graduated  re- 
ceiver D  (Fig.  61)  placed  upon  the  pneumatic 
trough  N  ;  the  decomposition  of  the  water  takes 
place  in  a  bottle  M  fitted  up  with  a  cork  and 
bent  tube  A  for  conveying  the  gases  to  the  re- 
ceiver D ;  the  platinum  poles  or  dectxcdea  P, 
hanging  near  together  within  the  bottle,  are  con- 
nected with  the  wires  B  and  C  leading  to  the 
extreme  plates  of  the  battery. 

Fig.  62  represents  an  eligible  form  of  this  ap- 
paratus, when  the  liberation  of  gas  is  very  fee- 
ble. Hie  quantity  of  gas  is  measured  by  the 
amount  of  displacement  of  the  liquid.  A  grad- 
uated tube  A  proceeds  laterally  from  the  lower 
part  of  the  vessel  V  wherein  the  decomposition 
of  the  water  is  carried  on ;  so  that,  as  the  gases 
rise  to  the  top  of  the  closed  vessel  Y,  an  equal 
volume  of  water  is  thrown  up  the  tube  A. 

The  three  following  voltameten  depend  upon  the  calorific  effects  of  the 
battery. 


JV^.  62. 


J^.  63. 


J^.  64. 
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Fig,  63  represents  a  voltameter,  which  is  merely  a  slight  modification 
of  the  conunon  pyrometer.  The  platinum  wiie  a  b  foiming  a  portion 
of  the  voltaic  circuit  becomes  powerfully  heated,  and  expands,  and 
allows  the  pointer  ad  to  fall ;  the  graduation  on  the  quadrant  indicates 
the  amount  of  expansion,  and  consequently  the  relative  power  of  the 
battery. 

Fig.  64  represents  a  still  more  sensible  voltameter,  in  which  the  plati- 
num wire  forming  a  portion  of  the  voltaic  circuit  passes  through  the  ball 
of  an  air  thermometer;  the  expansion  of  the  air  by  the  heat  of  the  win 
causes  the  liquid  to  rise  in  the  vertical  graduated  tube ;  and  so  on. 

The  magnetic  voltameter  ^dll  be  hereafter  fully  described. 


BFFECIS  OF  VOLTAIC  ELECTRICITY. 

CHEMICAL   EFFECTS. 

» 

9.  The  chemical  action  of  voltaic  electricity  upon  different 
substances  placed  in  the  circuit  forms  one  of  its  most  impor- 
tant and  remarkable  features.  It  has  been  shown  that  frictional 
electricity  exerts  a  chemical  action ;  but  it  is  very  feeble  as 
compared  with  that  which  even  small  voltaic  batteries  exert 

One  of  the  most  remarkable  facts  connected  with  these 
decompositions  is,  that  certain  elements,  into  which  the  sub« 
stances  are  resolved,  always  arrange  themselves  on  the  pos- 
itive polo  or  electrode,  and  certain  other  elements  always 
arrange  themselves  on  the  negative  pole  or  electrode.  Thus 
oxygen,  chlorine,  iodine,  and  the  acids  always  fly  to  the  pos- 
itive pole  of  the  battery ;  and  hydrogen,  alkalies,  oxides,  &C9 
always  fly  to  the  negative  pole.  For  example,  in  the  decom- 
position of  water,  (see  page  304.)  the  oxygen  is  accumulated 
in  the  tube  placed  over  the  positive  pole,  while  the  hydrogen 
is  accumulated  in  that  placed  over  the  negative  pole.  This 
fact  has  led  to  the  formation  of  a  system  of  eUctro-chemistry. 
The  respective  poles  are  supposed  to  be  in  a  contrary  electri- 
cal ptate  to  the  elements  which  they  attract;  hence  oxygen, 
chlorine,  acids,  &c.,  are  negative  elements,  and  alkalies,  ox- 
ides, &c.,  ai*e  positive.     Every  chemical  compound,  therefore, 
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consists  of  a  negative  element  and  a  positive  element,  which 
are  held  united  by  the  law  of  electrical  attraction. 

Exp.  I.  D&compontum  of  waier.  —  This  is  most  successfullj  performed 
hy  the  apparatus  described  at  page  304 ;  but  the  following  simple  form 
of  making  the  experiment  is  highly  instructiTe. 

ImmeiBP  a  atiip  of  amalgamated  zinc  and  a  strip  of  clean  copper  into 
a  glass  of  water  slightly  acidulated  with  sulphuric  acid :  so  long  as  the 
'metals  are  kq^  apart,  no  action  can  be  observed ;  but  the  instant  that 
the  upper  extramitieB  of  the  metals  are  brought  into  contact,  the  water  is 
decomposed,  numerous  Uttle  bubbles  of  hydrogen  collect  round  the  cop- 
per, and  the  oxygen  at  the  same  time  passes  to  the  zinc,  and  oxidizes  it. 

£xp.  2.  DeeompoMition  of  neutral  foAt.  —  Fill  the  two  tubes  of  the 
apparatus  represented  in  Fig.  37,  page  304,  with  a  solutiop  of  sulphate 
of  soda,  or  any  other  neutral  salt,  colored  blue  with  tincture  of  violets ; 
then,  when  the  battery  is  in  action,  the  acid  will  be  attracted  to  the  pos- 
itive electrode,  and  will  render  the 'liquid  in  the  tube  red,  and  the  alkali 
will  be  attracted  to  the  negative  electrode,  and  will  tinge  the  liquid  in 
the  tube  green ;  transpose  the  poles,  and  the  effects  will  be  reveraed. 

Exp,  3.  To  precipitate  a  metal  firom  the  solution  of  a  metaUie  sod.  — 
Fig.  65  represents  a  simple  piece  of  apparatus  for  producing 
this  decomposition,  a  is  a  glass  tube  about  an  inch  in  diam- 
eter, having  a  piece  of  bladder  tied  over  its  lower  extremity, 
and  suspended  in  a  large  glass  vessel  h ;  poiu:  a  solution  of 
acetate  of  lead  (sulphate  of  copper,  nitrate  of  silver,  &c.,  will 
answer  the  purpose)  into  the  glass  tube  a ;  fill  the  outer  vessel 
\«ith  diluted  sulphuric  acid ;  into  the  solution  of  lead  im- 
meree  a  platinum  mdre  /),  and  into  the  diluted  sulphuric  add 
plunge  a  strip  of  amalgamated  zinc  Z,  in  metallic  contact  Fig,  66. 
yrilh.  the  platinum ;  then  a  voltaic  circuit  will  be  formed,  con- 
sisting of  two  metals  and  two  exciting  fluids ;  th^  acetate  of  lead  will 
be  decomposed,  the  metallic  lead  will  be  attracted  to  the  platinum,  and 
the  acid  to  the  zinc. 

The  metallic  vegetations  called  the  lead  tree,  &c.,  depend  upon  the 
voltaic  action. 

Exp.  4.  Connect  the  tin  foil  plate  G  with 
the  copper  pole  of  a  small  battery,  and  the 
metal  plate  D  with  the  zinc  pole  of  the 
battery.  Lay  a  piece  of  white  blotting  pa- 
per, soaked  in  a  diluted  solution  of  hydro- 
chloric acid  and  prussiate  of  potassa,  upon 
the  plate  D ;   draw  a  number  of  strokes  Fig.  66. 

with  a  brush  dipped  in  varnish  ^tcroas  the 
plate  G,  as  shown  in  Fig.  66 ;  take  a  bent  wire  A,  and  oonnsct  the  two 


VOLTAIC   ELECrRICtTV.  3^1 

plitM  vitli  it ;  more  tlie  wire  fnm  end  to  end  ;  then  the  electro  circuit 
will  be  cttnplete  whenever  the  wire  connects  the  metallic  foil  mid  tha 
damp  paper,  and  the  ciicuit  will  be  broken  at  those  parts  where  (be  wiis 
pussis  over  the  Tuniah  i  the  eolulion  on  the  paper  will  be  decompoaed  at 
the  fonDci  parts,  but  will  ramain  luidmnged  at  the  latter  parti,  an  will 
be  shown  b;  the  deep-blue  nutiks  fbrmed  upon  die  paper  by  the  decom- 
poiiUon  of  the  {ni.niate  of  potash.  ' 

This  experiment  illustrate  the  ptindple  on  which  the  eapying  eltc- 
Iric  ttitgraph  U  eonstructed. 

Eki^rotyping. 

10.  The  decomposition  and  reduction  of  metab,  in  a  stalH 
of  solution,  \>j  the  voltaic  battery,  has  led  to  some  important 
discoveries  in  the  arts  —  such  aa  electrotyping,  electropkt- 
ing,  .&C 


a  with  Fig.  10  page  310  la  a 
fiiTniliT  example  of  electroplating ;  electiotTping  depends  upon  the 
aame  principle.  _     _ 

Fig.  67  represents  a  Ttry  timple  contrivance  for  ob-    . 
taining  small  clectrotTpe  casts.    A  i*  a  glass  vessel,  in   I 
which  the  mould  from  which  the  cast  is  to  be  obtained   I 
is  placed.   B  is  a  glass  tube  sugunded  within  the  Tea- 
eel  A  by  means  of  a  tnetaljic  ring  da,  to  which  are 
fixed  three  stripi  of  mct«ls.    The  lower  end  of  this 
tube  m  n  is  doeed  by  tying  a  piece  of  bladder  over  it.    ^ 
The  strip  of  bran  b  e  has  two  landing  Kt^  b  and  a,    ^, 
by  which  the  wires  n  Z  and  fi  A  are  secured;  tlielow- 
er  extremitia  of  these  wires  carry  the  substances  Z  j^,  qj. 

and  k,  which  act  as  the  electromoton  or  Toltaic  plates 
constituting  the  simple  battery.  Z  is  an  amalgamated  tine  [dat^  sus- 
pended within  the  tube ;  k  is  the  body  &om  which  the  cast  is  to  be 
token,  laid  on  the  sjural-Bhaped  extremity  of  the  wire  bk  ;  the  model 
in  the  negative  dectromotor,  and  Z  the  poatiTe  electromotor.  The  largo 
f[ta»  A  contains  a  concentnted  solution  of  sulphate  of  coppa ;  this  is 
always  kept  in  a  saturnted  Mote  by  hating  crystals  of  sulphate  of  cop- 
per suspended  in  it;  the  tube  B  is  filled  with  diluted  lulphuiic  add;  the 
liquids  should  stand  at  the  same  level  in  both  vcnels.  According  to  this 
arrangement,  the  electric  current  passes  fixnn  the  anc  Z  to  the  mould 
k  ;  and  pure  metallic  clipper  is  deporited  upon  the  turface  of  the  mould, 
and  in  time  forms  a  complete  eaxt  of  the  surfkce. 

'IliG  fallowing  particulars  t-botild  I.e  attendG<l  to  in  making  electrotype 
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cwti :  The  luHkfa  of  tbe  origiiuli  ihould  be  good  omducton,  mi  tlwf 
tbould  not  contain  any  BubBtuicca  irlucli  would  be  acted  upon  bj  tbe 
■ulphate  of  ooppa.  The  model  may  be  of  gypnim,  wax,  or  any  Eunilar 
Don-conductuig  aubatance,  provided  the  nu&ce  of  the  model  be  covered 
with  a  metallic  coating ;  plumbago  dun  or  bronie  powder,  laid  on  with 
a  camel's  hair  bnub,  bma  ■  Toy  good  coating.  A  wax  impreasioQ 
should  be  fiiBt  slightly  moistened  with  alcohol,  and  then  the  black  lead 
should  be  rubbed  <na  it  with  a  uiff  brush ;  the  copper  wire  should  then 
be  wsTDied  and  [ocssed  into  the  margin  of  the  wax;  the  oonnectim  be~ 
tween  the  wax  and  wire  should  then  be  made  with  the  black  lend.  A 
coating  of  wax  disaolved  in  turpentine  will  protect  any  part  of  a  coin 
from  any  metallic  deposit.  In  every  electrotype  cast,  the  elevated  por- 
tiona  of  tbe  original  will  be  dc^veaed,  and  wo*  varaa;  in  oder,  tho^ire, 
to  obtain  exact  bc-iimilci  of  the  original,  tbe  fint  cast  must  be  used  as 
a  matrix,  on  which  the  coating  of  copper  muat  be  thrown  by  the  elec- 
trotype procesa. 

Fig.  68  represents  a  more  convenient  anangement. 
t  is  tbe  amalgamated  one  rod,  luspeoded  in  the  po- 
rous cdl  p,  which  contains  the  diluted  sulphuric  add ; 
e  the  glass  or  earthen  ware  veeeel  containing  the  sidu- 
tion  of  sulphate  of  coppa ;  w  tbe  copper  wire  con- 
nected with  the  ijnc  by  a  binding  sctew,  and  carrying 
at  its  Iowa-  eitreniity  tbe  seal  or  mould  m. 

Fig.  69  nrprcMnta  another  atianganent,  where  the 
cumait  is  generated  in  a  distioct  battery  Aj  B  is  a 
distinct  veasd  for  conducting  the  electrotype  process, 
m  is  a  metal  rod  for  supporting  the  moulds,  and  c 
another  rod  supporting  co^^ict  idatcs,  which  fbnn  the 
positive  electiDmotoTB ;  x  connects  tbe  moulds  with  the 
line  in  the  batte^,  and  s  ooDnects  the  copper  platci  with  the  coppcc 
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pUtes  of  the  battery.  The  yessel  B  contains  two  parts  of  saturated 
solution  of  sulphate  of  copper  and  one  part  of  sulphuric  add  diluted 
with  about  seven  parts  of  water.  The  action  which  takes  place  is  sim- 
ply as  follows :  the  copper  is  consumed  from  the  plates  e,  and  deposited 
on  the  moulds  m  ;  so  that  the  copper  solution  in  the  Teasel  B  renudns 
unchaxiged  in  its  strength  from  the  oommenofment  to  the  dose  of  the 


ELECTROFLATmO   EXPERIMENTS. 

11.  Exp.  1.  Place  a  small  plate  of  clean  platinum  foil  in  a  saucer,  and 
pour  orer  it  a  solution  of  sulphate  of  copper,  covering  it  to  the  depth 
of  about  a  sixteenth  of  an  inch ;  touch  the  platinum  plate  with  a  point- 
ed strip  of  bent  zinc,  the  other  end  of  which  is  kept  in  the  liquid ;  dif- 
ferent colored  rings  of  metal  will  be  formed  upon  the  platinum  plate. 

£^.  2.  The  brilliancy  of  the  depositions  will  be  much  increased  by 
using  a  constant  battery  of  three  or  four  pairs  of  cells. 


PROTECTION   OF  METAL  PLATES   BY  VOLTAIC   CURRENTS. 

12.  Yoltmc  currents  not  only  afibct  combinations  and  de- 
compositions, but  they  may  also  b#  employed  for  impeding  or 
arresting  certain  decompositions  which  would  otherwise  take 
place  by  the  ordinary  laws  of  chemical  afiinities.  Thus,  for 
example,  Davy  protected  the  copper  bottoms  of  ships  from 
the  corrosion  of  the  salt  water  bj  connecting  plates  of  zinc 
with  the  copper  sheathing.  In  order  to  protect  a  metal  from 
the  chemical  action  of  an  add  or  a  saline  solution,  it  is  only 
necessary  to  combine  the  metal  with  some  other  metal  in  the 
fluid,  which  shall  act  as  the  positive  electromofor. 

Exp,  I,  Place  a  copper  plate  in  a  saucer;  pour  some  diluted  sulphuric 
acid  upon  it:  then  the  metal  will  be  Tiolently  acted  upon  by  the  add; 
now  touch  the  copper  with  a  strip  of  one,  and  the  action  on  the  copper 
will  be  instantly  arrested;  the  action  will  now  be  tnmsfened  to  the  sine, 
and  the  copper  will  ronain  unaffected  by  the  acid,  until  the  whole  of  the 
zinc  be  dissohred. 


324         NATURAL  AKD   EXPSROCENTAL  PHILOSOPST. 

LUBIINOnS   AND   HEATINa  EFFECTS   OF  VOLTAIC 

ELECTRICITY. 

13.  The  most  brilliant  of  all  the  effects  of  Toltaic  electricity  ia  the 
axch  of  dectrical  light  evolved  between  two  charcoal  points.  TIub  phe- 
nomenon may  be  exhibited  with  about  a  dozen  pain  of  Grove's  or  Bun- 
aen'fl  battery.    This  experiment  may  be  most  conveniently  petfimned  by 


Fisi.  70. 

fixing  charcoal  points  (pieces  of  graphite  answer  best)  to  the  rods  of  a 
universal  discharger.  The  poles  of  the  battery  are  respectively  connected 
with  the  extremities  of  the  rods,  as  shown  in  Fig.  70,  where  the  arch 
A  B  represents  the  fbnn  of  the  roltaic  Hght.  The  points  must  be  first 
brought  into  contact  with  each  other,  and  then  gradually  withdrawn 
until  the  arch  attains  its  most  brilliant  appearance;  the  length  of  the 
arch  of  course  varies  with  the  power  of  the  battery ;  that  is,  with  bat- 
teries of  average  power,  from  three  quarters  of  an  inch  to  about  an  inch 
and  a  half.  This  arch  of  flame  is  not  produced  by  combustion,  for  it 
may  be  exhibited  with  equal  brilliancy  in  a  vacuum,  and  even  takes 
place  under  water. 

The  intense  heat  of  tins  electric  arch  will  ignite  the  most  refiwrtory 
substances. 

Exp.  1.  Amalgamate  the  ends  of  the  polar  wires;  bring  them  near 
together,  while  the  battery  is  in  action ;  a  white  starlike  spark  will  be 
seen,  accompanied  with  a  crackling  noise  similar  to  the  emissian  of  a 
feeble  spark  of  frictional  electricity. 

Exp.  2.  The  spark  obtained  from  these  amalgamated  points  may  be 
seen  under  water,  or  in  the  flame  of  a  candle. 

Exp,  3.  Immerse  one  of  the  wires  into  mercury,  and  bring  the  end 
of  the  other  wire  near  the  surface  of  the  fluid ;  a  spark  is  emitted  just 
before  the  wire  touches  the  mercury,  leaving  a  small  black  speck  upon 
its  surface. 

Ejy>.  4.  Coat  the  ends  of  the  polar  wires  vdth  soot,  by  holding  them 
for  a  short  time  in  the  flame  of  an  oil  lamp ;  the  sparks  obtained  from 
these  coated  wires  will  be  much  stronger  and  brighter. 

The  power  of  a  voltaic  battery,  as  we  have  already  shown, 
is  roughly  estimated  by  the  heat  which  it  produces  in  a  given 
conducting  wire.     The  temperature  to  which  a  conducting 
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wire  will  be  raised  bj  a  battery,  depends  upon  the  length  and 
thickness  of  the  wire,  as  well  as  upon  the  nature  of  the  metal, 
whether  or  not  it  is  a  good  or  a  bad  conductor  of  electricity. 
Short  fine  wires  become  most  heated,  and  of  all  metallic  wires, 
platinum,  being  the  worst  conductor  of  electricity,  becomes 
most  powerfully  heated  by  conducting  the  electric  fluid. 

The  calorific  effect  appears  to  depend  more  upon  the  size 
of  the  plates  than  upon  the  number  of  pairs  ;  that  is  to  say, 
it  depends  upon  the  quantity  of  the  electric  fluid  evolved, 
rather  than  upon  its  intensity  or  tension. 

The  calorific  cfiTects  of  the  voltaic  battery  may  be  most 
conveniently  shown,  by  stretching  the  wires  to  be  heated  be- 
tween the  extremities  of  the  rods  of  the  universal  discharger* 
(See  Fig.  70.) 

Exp.  1.  To  show  the  heating  power  of  a  battery.  Stretch  a  piece  of 
fine  steel  wire  between  the  poles  of  the  battery ;  the  ^i-ire,  if  it  is  not  too 
long,  will  instantly  become  powerfully  incandescent.  If,  on  the  first 
trial,  the  wire  only  presents  a  dull  heat,  gradually  reduce  the  length  of 
the  wire,  until  it  glow's  with  a  white  heat ;  reduce  the  length  of  the 
wire  a  little  more ;  then  it  will  be  first  fused,  and  then  ignited. 

The  same  experiment  may  be  performed  with  platinum  or  silver  wire. 

Exp.  2.  Ether,  alcohol,  phosphorus,  gunpowder,  &c.,  may  be  readily 
ignited  by  making  the  hot  platinum  connecting  wire  to  pass  through 
them,  or  to  touch  some  portion  of  them. 

Exp.  3.  If  the  platinum  wire  be  conducted  through  a  small  portion 
of  water,  it  will  speedily  boil. 

PHT8IOLOGICAL   EFFECTS   OF   VOLTAIC   ELECTBICITT. 

14.  The  relation  between  voltaic  action  and  the  nervous 
system  of  animals  was  very  carefully  investigated  at  a  very 
early  stage  of  the  history  of  voltaic  electricity. 

The  peculiar  nature  of  this  relation  is  explained  at  page 
308,  when  a  small  battery  is  employed.  But  with  large  bat- 
teries the  effects  are  truly  surprising.  Dr.  Ure  thus  de- 
scribes his  experiments  upon  the  body  of  a  full-grown  man, 
fifteen  minutes  after  death.  Upon  applying  one  of  the  polar 
wires  to  the  forehead,  and  the  other  to  the  heel,  every  muscle 

28 


326  NATURAL   AND    EXPERIMENTAL  PHILOSOPHV. 
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in  his  countenance  was  simultaneouslj  thrown  into  fearfal 
action ;  rage,  horror,  despair,  anguish,  and  ghastly  smiles 
united  their  hideous  expression  in  the  murderer's  face.  At 
tl&is  period,  several  of  the  spectators  were  forced  to  leave  the 
apartment  from  terror  and  sickness,  and  one  gentleman 
fainted. 

The  physiological  effects  of  voltaic  electrici^  appear  to 
depend  upon  intensity,  rather  than  upon  quantity ;  that  is  to 
say,  upon  the  number  of  pairs  in  the  battery,  rather  than 
upon  their  extent  of  surface. 

The  effect  of  the  voltaic  shock  is  much  increased  by  at- 
taching copper  cylinders  to  the  extremities  of  the  conducting 
wires,  and  also  by  dipping  the  hands,  by  which  the  shock  ia 
received,  in  water  slightly  acidulated. 

The  magnetic  effects  of  voltaic  electricity  are  so  various 
and  interesting,  that  they  have  been  treated  as  a  distinct 
branch  of  electrical  science,  called  JHeetrth'Djfnamiet* 


ELECTRO-DYNAMICS. 


ELECTRO-MAGNETISM. 

1.  It  has  already  been  shown  (£xp.  9,  p.  807)  how  a  steel 
needle  may  be  magnetized  by  passing  a  voltaic  current 
through  a  wire  helix.  When  a  helix  b  wound  to  the  right,  or 
in  the  direction  of  a  corkscrew,  it  is  called  a  right-handed 
helix,  as  shown  in  Fig.  71,  and  when  the  helix  is  wound  in 
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Fig.  71.  Fig.  72. 

the  contrary  direction,  that  is,  to  the  left,  it  is  called  a  Uft- 
handed  heHx,  as  shown  in  Fig.  72.  Helix  wires  should  be 
formed  of  copper  wire,  covered  with  silk,  for  the  purpose  of 
insulating  them. 

When  a  needle  is  magnetized  by  a  current  passing  through 
a  right-handed  heliXj  or  a  corkscrew  helix,  the  south  pole  of 
the  needle  is  always  at  the  extremity  through  which  the  cur* 
rents  enter  ;  that  is  to  say,  at  the  extremity  that  is  in  connec- 
tion with  the  positive  electricity.  On  the  contrary,  when  a 
needle  is  magnetized  by  a  left-handed  helix,  the  north  pole  is 
at  the  extremity  which  is  in  connection  with  the  positive 
electricity. 

These  facts  are  in  exact  accotdance  with  Amp&re's  theory  of  magnet- 
ism, (lee  p.  301 ;)  for  the  electric  current  moves  round  the  magnetic 
bar  in  precisely  the  same  manner  as  the  magnetic  current  is  supposed  to 
do  in  that  theory,  thereby  showing  that  the  electric  current  which  in- 
duces the  magnetic  condition  is  equivalent  to  the  magnetic  current  upon 
which  the  ordinary  magnetic  condition  is  supposed  to  depend. 

Let  8  N  (Fig.  73)  be  a  right-handed  helix,  that  is,  a  corkscrew  hdiT, 
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uty;   Ibe  >,J^      \Xi  ft 

the  ma  J*-^^    rJA    ■     '  K 


thmiigh  wtuth  tbe  d«ctri4,cuTniit  enten  it  S,  end  pun*  out  atN; 

thpn,  flam  what  lui  beoy  Baid,  the  helix  will  become  &  magnet,  haiins 

the  extremity  S  for  its  mith  pole,  and  N  lac  id  nmth  pole.    Thii  maj 

be  tcsti'd  expeiimenUllj^y  uiing  t>4  la  Rivt'i  JUatiiig  battery.    The 

extremities  of  the  helix  aie  ooonecled  with  tine  and 

copper  pUlo  Z  and  C,  fixed  in  a  piece  of  oork,  ao  aa 

to  moke  the  whole  appaistua  to  float  in  a  strcD^j 

oeidulatcil  liquid.    This  float  batterj,  like  tbe  floating 

npfdlo,  will  place  itself  in  tbe  north  and  aouth  diieo-  „.    -, 

tion  of  the  needle ;  the  extremity  S,  through  which 

the  mrreiit  enten,  wiU  be  ijxected  to  the  aondi. 

llic  author  has  found  the  following  feni)  of  thia  •{fmatut  to  be  voy 
convenient  in  practice. 

il,   and    filled  with    mercuty;    "*"" 
V  irci  X  and  M  connect  the  n 
cury   in   these    groove  ... 

binding  bctcm-s  C  and  Z,  to  which      K["— ;  -^ 

the   poles  of  the   batteiy   aie   at  i-       m. 

Inched ;  S  N  ia  a  cork.vrcw  helix 
surrounding  a  mft  bar  of  iron ;  one  extremity  of  the  wire  dip*  into  the 
mercury  of  the  groove  F,  and  the  othra-  into  that  of  the  groore  E;  the 
n)ft  iron  bar,  with  its  hdlii,  turns  upon  the  jivot  A.  When  the  poolitre 
jtole  of  the  battery  ii  fixed  to  the  binding  icrew  C,  and  the  negative 
jole  lo  the  liinding  eerew  Z.  the  helix,  with  its  soft  iron  bar,  becomes  an 
actual  mn^ttic  needle,  and  will  settle  itself  in  the  direcCian  of  the 
ittninietic  meridian,  the  extremity  S  being  diiectcd  to  the  south,  and  the 
other  extremity  N  to  the  north. 

If  the  Eol^  iron  bar  !«  taken  away,  and 
a  atecl  needle  be  inserted  in  its  place,  the 
needle  will  be  m^fnetiied,  hsviog  the  ex- 
tremity towards  S  a  south  pole,  and  the 
e.itTemity  towards  N  a  north  pole. 

Fig.  7>>  reprehenta  another  form  ot  the 
Hoaling  battery,  where  the  coppa  and 
^inc  plata  are  immened  in  a  glaaa  tube, 
filled  with  the  diluted  nilphuiic  add,  and 
the  whole  is  made  to  float  in  a  v«sael  of 
■n-Bler.  Fig.  16. 

KlecCro-magnets  of  immenaa  power  mmj 
he  fanned  by  toltaic  helicea. 
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The  Ekctro-Magnety  or  ioft  iron  Borsethoe  Magnet. 

2.  Fig.  76  Teprmeais  aa  electro-magnet ;  M  ia  the  toft  iron  bent  in 
the  form  of  a  horaeshoe  magnet ;  P  and  N  are  the  estremitifiB  of  the 
helix  of  covered  copper  wire>  Bunonnding 
the  bar  in  the  manner  just  described ;  K  is  ^ 

the  keeper  of  the  magnet,  from*  which  a 
heayy  weight  may  be  suspended,  to  show 
the  power  of  the  magnet.  When  the  ex- 
tremities, P  and  N,  are  connected  with 
the  poles  of  a  single  pair  of  any  of  our 
constant  batteries,  the  soft  iron  instantly 
becomes  a  very  powerful  magnet,  capable 
of  supporting  a  weight  of  1  cwt.  tojibout 
1  ton.  The  moment  the  connection  is 
broken,  the  magnet  loses  its  power.  The 
wire  intended  to  form  the  coil  is  cut  into 
several  portions,  and  is  coaled  separately 
on  the  iron,  and  then  all  the  corresponding 
extremities  are  collected  into  parcels,  which  are  soldered  to  a  thick  wire, 
which  commimicatcs  with  the  pole  of  the  battery.  By  this  arrange- 
ment, the  current  is  divided  into  a  series  of  short  branches,  which,  col- 
lectively, communicate  with  the  jxdes  of  the  battiery  by  a  short,  strong 
wire;  this  gives  energy  to  all  the  coils,  and  thereby  increases  the  power 
of  the  elMlro-magnet. 

These  temporary  magnets  have  been  called  electro^magnets^ 
to  distinguish  them  from  permaoent  steel  magnets,  and  electric 
helices  just  described. 


J^.  76. 


Rotating  Magnets, 

3.  The  rotating  magnet,  invented  by  Dr.  Richie,  is  represented  in  Fig. 
77.  In  this  instrument,  a  pennanent  rotatory  motion  is  given  to  an  electro- 
magnet c,  upon  a  vertical  pivot,  by  means  of  the  alternate  attraction  and 
repulsion  of  the  poles  N  and  S,  of  a  permanent  horseshoe  magnet.  In 
order  to  produce  this  continuous  rotation,  it  is  requisite  that  the  poles  of 
the  electro-magnet  should  be  reversed  at  every  time  they  pass  the  poles 
of  the  permanent  magnet ;  this  is  effected  by  a  very  simple  and  elegant 
artifice :  a  6  is  a*  wooden  cup  of  mercury,  divided  into  two  compart- 
ments by  a  bridge  or  partition  of  wood,  in  a  line  with  the  poles  N  and 
8,  whose  upper  edge  is  a  little  below  the  exterior  edge  of  the  cup ;  so 
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that  when  the  two  oompartnieiits  are  filled  with  mercury,  the 
of  the  particles  of  the  fluid  causes  it  to  stand  a  little  higher  than  the 
level  of  the  top  edge  of  the  partition ;  the  two  extremitieB  of  the  helix 
dip  a  little  into  the  mercury  without  reaching  to  the 
levd  of  the  top  of  the  partition,  so  that  tlie  electro- 
magnet may  freely  revolve  upon  its  vortical  pivot ;  the 
mercury  in  one  of  the  compartmenta  is  connected  with 
the  pobitive  pole  of  a  small  battery,  and  the  other  com- 
partment with  the  negative  pole ;  by  this  contrivance^ 
the  poles  of  the  electio-magnet  are  reversed  at  every 
time  the  dipping  wires  cross  the  partition,  and,  conse- 
quently, if  the  poles  of  the  permanent  magnet  attract 
the  polcfl  of  the  electro-magnet  in  any  given  position, 
they- will  be  repelled  the  moment  the  dipping  wires 
have  croFsed  over  the  partition,  and  thus  the  contin- 
uous rotation  is  sustained. 

The  following  is  a  brief  description  of  a  rotatory 
magnet  invented  by  the  author  some  twenty  years  ago,  and  employed 
by  him  in  an  extended  form  as  a  magnetic  engine,  capable  of  yielding 
about  a  quarter  of  a  horse  power. 


Fig.n. 


N 


S  is  the  electro-magnet,  turning 
upon  a  horizontal  axis  A  B ;  N  F 
and  S  E  are  the  terminal  wires  of 
the  coil;  each  of  them  forks  off 
into  two  branches,  F  U,  F  J,  and 
K  £,  and  £  G ;  the  extremitieB 
of  the  wires  are  connected  with 
metal  segments.  II,  J,  K,  and  Gy 
attached  to  the  ivory  wheels  A  and 
B,  fixed  to  the  common  axis  A  B ; 
the  circumferences  of  these  seg- 
ments are  placed  concentric  with 
the  axis  of  motion,  and  their  edges  dip  into  mercury  placed  in  the  cups 
L  and  M,  whidi  are  coimected  with  the  poles  of  tiie  battery :  by  tUa 
contrivance  the  poles  of  the  electro-magnet  are  changed  when  cme  yth 
of  segments  passes  out  of  contact,  and  another  pair  comes  into  contact, 
Avith  the  mercury  in  the  cups.  The  opposite  poles  of  a  permanent  mag- 
net are  placed  in  a  line  with  the  electro-magnet  when  its  position  cor* 
responds  with  the  change  of  its  polarity,  as  in  the  case  of  Richie's 
rotating  magnet. 
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Contact  Breakers,  —  Telegraphic  Alarm  BdL 

4.  The  two  foregoing  pieces  of  apparatus  show  how  the  poles  of  an 
electro-magnet  may  be  reversed  by  changing  the  direction  of  the  voltaic 
current.  The  contriTance  represented  in  Fig.  79,  called  a  contact 
breaker,  shoot's  with  what  rapidity  an  electro-magnet  can  acquire  and 
lose  its  magnetism.  M  is  a  small  electro-magnet,  the  armature  of 
which,  E,  is  capable  of  oscillating  between  the  two  poles  of  the  magnet 
and  a  stop  at  its  back,  against  which  it  ia  pressed  by  a  spring.  The 
conducting  wire  I)  coils  round  the  lower  branch  of  the  magnet, 
as  shown  in  the  figure,  and  the  other  conducting  wire  C  is  at- 
tached to  the  stop,  and  then  a  wire  passes  from  the  foot  of  the  oadl- 


Fig.  79. 

lating  armature  to  the  extremity  of  the  coil  passing  round  the  upper 
branch  M  of  the  electro-magnet ;  so  that  the  electric  current  is  com- 
plete when  the  armature  is  in  contact  with  the  stop,  and  it  is  broken 
when  this  contact  is  destroyed.  The  consequence  of  this  arrangement 
is,  the  electro-magnet  attracts  the  armature,  which  breaks  the  circuit, 
and  the  magnetism  instantly  ceases ;  then  the  armature,  being  pressed 
back  by  the  spring,  returns  and  strikes  the  stop,  which  again  completes 
the  circuit  and  renews  the  magnetism ;  the  armature  is  again  attracted 
by  the  magnet,  and  so  on  with  great  rapidity.  The  adjusting  screws 
F  and  G  enable  the  operator  to  regulate  the  rapidity  of  the  strokes. 

To  form  this  instrument  into  an  alarm  beU,  it  is  only  requisite  to  fix 
a  hammer  to  the  top  of  the  armature  £,  and^  place  a  bell  within  the 
striking  distance. 
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Lutrmmmta  far  meaturing  lie  Farce  of  Magiutg. 

S.   UMod  of  oohUu.  —  Tbe  fiOlowing  u  •  nmple  contrimn  for  ' 
tatimaUog  the  niqieDSTe  fbroe  of  an  elecDo-magoet :  M  J  3  ia  Ibe  eleo- 


tio-Ritgnet ;  p  and  m  tb>  landing  aaewt  to  which  die  pain  of  the  bat- 
tery are  &xed ;  A  the  feeder  or  armature,  auspcodcd  from  tbe  eztreimt  j 
s  of  a  graduated  lerer  a  b  turning  on  a  flxed  centre  oi  fiilcniin  e ;  A  a 
Blidiog  hook,  to  which  a  acale  pan  with  weight!  may  be  attached.  The 
weights,  put  in  the  scale  pan,  nccettar;  for  breaking  the  contact  of  the 
feediT  A,  gi'e  the  data  for  calculating  the  force  of  the  magnet,  on  the 
simple  principle  of  the  lever  of  the  flrst  kind. 

ilHkoH  of  ciiraf iotu.  —  The  oscillations  of  a  ma^etic  needle^  befine 
it  settles  in  its  n«th  and  aouth  direcliou,  follow  the  Bame.  law  as  the 
vibrations  of  the  peidulum.  The  directive  force  of  a  magnetic  needle, 
therefore,  ma;  be  measured  hj  the  number  of  oscillationa  that  it  will 
make  in  a  given  time  when  drawn  a  little  to  one  side  of  its  magnetic 
meridian.  'When  the  same  needle  is  employed  to  detenuine  the  diiectire 
force  at  two  different  places  on  the  earth,  this  directive  force  varies  as 
the  Bquans  of  the  number  of  Ttbratians  peiforTDed  in  a  given  time. 

The  vitntion  of  tho  needle  ia  also  employed  to  deltrmine  the  intensity 
of  the  different  points  in  a  magnetic  tiar.  la  this  case,  it  is  necessary 
that  an  allowance  should  be  made  for  the  directive  force  of  the  earth. 

According  to  the  experimentB  made  by  Coulomb,  the  at- 
tractive forces  of  the  difiercnt  points  in  a  long  magnetic  bar, 
as  estimated  from  the  centre  of  the  bar,  increase  in  a  geomet- 
rical progression  as  the  distances  fi-om  the  centre  increase  in 
arithmetical  progression. 
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TO   MAGNETIZE   STEEL   BABS  BY  THE   ELECTBO-HAGNETIO 

COtL. 


6.  The  simplest  way  of  doing 
this  is  to  coil  a  very  stout  copper 
wire,  covered  with  silk,  round  a 
pasteboard  tube,  about  18  inches 
long  and  2  inches  diameter.  The 
bar  A  B  to  be  magnetized  is  placed 
between  two  soft  iron  cores,  A  Q 
and  B  D,  made  exactly  to  fit  the 
interior  of  the  pasteboard  tube 
£  F.  The  whole  is  placed  within 
the  tube,  and  the  extremities  C  and 
Z  of  the  helix  ore  connected  with 
the  poles  of  the  battery :  in  a  short 
time  the  sted  bar  A  B  will  be 
magnetized  to  saturation. 


J^.81. 


ON  THE  ACTION  OF  ELECTRIC  AND  MAGNETIC 

CURKENTS. 

7.  In  addition  to  the  magnetic  effects  of  electrical  currents, 
which  have  just  been  noticed,  the  following  general  laws  of 
electro-dynamics  have  been  established :  — 

General  Laws  of  Ehctro- Dynamic  Action, 

a.  Every  metallic  conductor,  through  which  an  electric 
current  passes,  acts  on  magnets  suspended  freely,  and  shows 
magnetic  properties. 

5.  Electric  currents  exert  on  each  other  influences  like 
those  which  they  exert  on  magnets. 

c.  A  magnet  acts  on  in  electric  current  precisely  as  an- 
other current  would  do. 

d.  Electric  currents  in  conductors  in  like  manner  excite 
such  currents. 

e.  Magnets  can  in  like  manner  excite  electric  currents  and 
the  other  electric  influences  dependent  on  them. 
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It  most  be  obaeired,  that  the  condition  essential  to  these 
effects  isy  that  the  electric  fluid  most  be  in  a  state  of  motion, 
that  is,  it  must  be  in  the  form  of  a  continuous  current ;  or, 
in  other  words,  it  must  be  in  the  condition  which  is  called 
tfynamie.  There  is  no  action  when  the  electricitj  is  in  the 
static  or  Untum  atatow 

ACTION   OF  ELECTRIC   CURRENTS   ON   THE  MAGNETIC 

NEEDLE. 

8.  OenUtCt  experimeni.  —  Place  the  Conducting  wire  A  B  of  a  bat- 
teiy  in  the  diiection  of  the  magnetic  meridian,  yix.,  B  towards  the  north 
and  ▲  towaxds  the  aoothi  aa  afaown  in  Pig.  82 ;  suspend  a  needle  8  N 


ofMT  the  conducting  wire  A  B,  and  the  north  pole  N  will  be  deflected  to 
the  east ;  suspend  the  needle  beiaw  the  conducting  wire  A  B,  and  its 
north  pole  will  be  deflected  to  the  west 

The  needle,  therefore,  endeavois  to  assume  a  position  perpendicular  to 
the  direction  in  which  the  electric  current  flows. 

Ampere  represented  the  action  of  the  eitetric  omrent  on  a  magnetic 
needle  imder  a  form  which  is  easily  remembered.  *'  We  have  only  to 
conceive  a  man  lying  down  in  the  portion  of  the  circuit  imder  consider- 
ation, in  such  a  manner  that  the  current  enters  by  his  feet,  and  goes  out, 
consequently,  by  his  head ;  furthermore,  we  have  but  to  conceive  that 
this  man  has  always  his  fitce  turned  towards  the  needle,  so  as  to  look  at 
it ;  then  the  action  is  always  found  to  be  such  that  thelusth  pole  of  the 
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needle  is  deriatted  to  the  left  of  this  man.  This  formula  comprehends 
all  possible  cases." 

It  is  easy  to  see  that  the  positive  ciurent,  coming  from  the  positiye 
pole  of  the  battery,  passes  along  the  conductor,  and  arrives  at  the  nega- 
tire  pole,  and  returns  through  the  plates  of  the  battery  to  the  positive 
pole ;  so  that  the  current  has  a  different  direction  in  the  two  parallel 
portions  of  the  circuit,  as  shown  in  Fig.  82. 

All  these  effects  are  perfectly  in  accordance  with  the  theory  of  mag- 
netic action  explained  at  page  301.  The  needle  seeks  to  place  itself  at 
right  angles  to  the  direction  of  the  current,  on  the  principle  that  the 
electric  cuirent  in  the  magnet  seeks  to  place  itself  parallel  to  the  cuzzent 
in  the  wire. 

Galvanometers. 

9.  We  have  explained  the  oonstructioQ  of  certain  voltameters  or 
galvonometen  depending  upon  the  calorific  and  chemical  eiSBCts  of  the 
voltaic  current ;  but  the  most  perfect  instrument  of  this  kind  is  that 
which  depends  upon  the  magnetic  effects  of  the  eiirrent. 

The  most  simple  magnetic     p     n 
galvanometer  is  represented  ux    CD  czi 
Fig.  83.    A  magnetic  needle     T     j  /^ 

n  t  is  suspended  between  two      1— — —  ^ 

conducting   parallel  wires  w 

and  W,  terminating  in  the  _,    go 

mercury  cups  P  and  N.    The 

conducting  wire  is  placed  in  the  direction  of  the  magnetic  meridian,  so 
that  the  needle  has  the  same  direction  as  the  wires.  When  the  poW 
of  the  battery  are  inserted  in  the  cups  P  and  N,  the  needle  is  deflected 
after  the  manner  described  in  the  foregoing  section.  According  to  tlii« 
arrangement,  the  conducting  wire  above  the  needle,  as  well  as  the  wire 
below  it,  tends  to  deflect  the  needle  in  the  same  direction,  so  that  the 
double  wires  exactly  double  the  amount  of  deflection.  The  angle  of 
deflection  gives  us  a  rough  mode  of  estimating  the  quantity  of  voltaic 
fluid  evolved  by  the  battery. 

But,  instead  of  bending  the  wire  round  the  needle  once,  if  we  bend  it 
twice,  thrice^  or  any  number  of  times,  we  must  obviously  increase  the 
deflecting  power  in  the  same  ratio. 
This  construction  is  adopted  in  the 
galvanometer  represented  in  Fig.  84 ; 
where  n  «  is  the  needle,  surrounded 
by  a  series  of  coils  of  covered  silk 
vrire,  add.  This  instrument  has  been 
called  the  ffokHtnomtier  imUiipii^.  Fig.  84. 


w 
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Fig.  8C  repRMnU  ■  nxse  ckgint  fano  of  the  mfmmoit ;  wboe  tlie 
ooil  of  win  u  wound  round  >  wooden  frame  fixed  upon  a  stand,  and 
pnmdad  with  buLdrng  aamn. 


Ftg.  U.  Fig.  86. 

ffoUITt  gaieohanuttr  miMiptur,  repntented  in  Fig.  SB,  ctmnEti  of  m 
citofie  ncsdfe  (aee  p.  300)  nupended  by  >  filunent  of  untwisted  nlk, 
one  of  the  needlee  being  placed  within  the  conducting  coil,  the  other 
without  it ;  ■>  that  the  current  of  electricity  toidi  to  deflect  both  nee- 
dki  in  the  tame  direction,  thereby  giTing  a  double  powa  to  the  iiuitru- 
vent.  The  vholt  of  the  coil,  together  with  the  needle  and  its  thnad 
of  Buspennon,  is  covered  with  a  glav  ahade ;  a  and  b,  fixed  to  the  tsnd- 
ing  screws,  are  the  wins  piooMding  from  the  poles  of  the  cutreit,  whoie 
power  ia  to  be  determined  by  tbe  instruincnt ;  the  eitieniities  of  ths 
wire  ccdl,  of  course,  temiinate  in  these  binding  screws 


ACTION   OF  ELECTRIC    CUBRENTS    ON   EACH    OTBBR. 

10.  Ampere  discovered  the  following  laws,  sccordlng  to 
which  electric  currents  act  upon  each  other :  — 

a.  Parallel  currents  attract  each  other  when  they  flow  in 
the  same  direction. 
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Thui  the  puallri  Trita  ab  tnHed,  a   * 

Tepnaented  in   Fig.  87,  trantmittiiig  *^ 

cunaiti  in  the  Mane  diKetkxi,  attract  ' ;,.~T» 

«d>o.her.  ^■"■ 

b.  Parallel  currents  rep«l  each  oth«r  wbra  the7  flow  in 
contrary  directions. 


Thus  the  ptralld  witcb  ab  mied,    «  ja»     ' 

represented  in  Fig.   88,   trannnitting    ^ «     *C ^ 

eontrarj'  cuircnts,  repel  each  other.  Fiy,  89. 

These  laws  are  pafectly  in  sccord- 
Mtcc  with  tbo  theory  of  magnetism  explained  at  p.  301. 

In  order  t«  estabUsh  these  laws  by  ezpoiment,  the  floating  batt«j 
iqroeated  in  Pig.  89  may  be  emfdoyed.    Una  battoy  coDBiBtB  of  &  paii 


Fig.m. 


of  platei^  Til.,  ^atintun  md  atnalgamated  one,  fixed  to  a  ooA.  float  A, 
and  baring  ita  polea  in  connectian  with  the  cupa  a  and  t ;  the  win 
frame  ptoceeding  from  thaw  cupa  coadncta  the  cnireat  aa  repttMOted 
by  the  amrwi  in  the  Bgnre ;  the  whole  of  this  Aoating  battery  ia  placed 
in  a  Teeeel  contunlng  diluted  nilphuric  add.  which  acts  as  the  exciting 
fluid.  To  OM  of  the  vertical  bnnchea  E  F  we  fnsent  a  paialM  win 
29 
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C  D,  traversed  by  a  powciful  current  of  electricity ;  then  'when  the  cur- 
rents flow  in  the  same  direction,  the  ^^ire  £  F  with  its  floating  battery 
ia  attracted  by  the  wire  C  I)  ;  and,  on  the  contrary,  when  the  current 
in  the  wire  C  D  flows  in  a  contrary  direction,  the  floating  battery  is  re- 
jielled. 

The  same  laws  hold  true  with  respect  4o  angular  curreots, 
or  those  currents  whose  directions  are  inclined  to  each  other; 
the  form  of  expression  in  this  case  being  simply,  that  currents 
which  cure  directed  to  the  sctme  pointy  or  which  proceed  from 
the  same  pointy  cUtract  each  other^  and  vice  versdy  cu  before. 


VARIOUS  MOTIONS  PRODUCED  BY  THE  MUTUAL  ACTION  OP 
MAGNETS  AND  CI7RRBNTS,  AND  CURRENTS  UPON  EACH 
OTHER. 

U.    The  taciUaiing  electrical  9piral,  represented  in  Fig.  90,  aflEords  a 
beautiful  illustration  of  the  attraction  of  parallel  currents. 
A  fine  flexible  copper  spiral  wire  A  is  suspended  from  the  »  ■*•_ 

extremity  of  a  conductor  D,  proceeding  from  the  positive 
pole  of  the  battery ;  the  lower  extremity  of  this  spiral 
idi]»  dlightly  into  a  cup  of  mcrcur}*,  a,  in  which  is  placed 
the  extremity  of  the  wire  C,  leading  from  the  negative 
pole  of  the  battery.  When  the  current  is  complete,  the 
spiral  vibrates  longitudinalljm  for  at  every  contraction  the 
current  is  broken,  and  then  the  weight  of  the  wire  causes 
its  extremity  to  sink  again  into  the  mercury,  and  thus  a  contLnuous 
oscillation  is  sustained. 

It  has  been  shown  that  a  Jtxed  or  closed  current  exerts  a  tangential 
force  upon  the  pols  of  a  magnet 
which  is  free  to  move :  thus  let 
A  B,  in  Fig.  91,  represent  the  di- 
rection of  the  fixed  current,  and  N 
the  pole  of  a  magnet,  free  to  obey 
the  impulse ;  then  the  north  pole  N 
is  impelled  in  the  tangential  direc-    t  pig^  91, 

tion  N  n ;  that  is  to  say,  in  a  direc- 
tion perpendicular  to  the  direction  of  the  current  A  B. 

In  like  manner,  rIiicc  action  and  reaction  are  equal  and  contrary,  a 
pols  of  a  mnfjnet  exerts  a  tangential  force  on  a  current  which  is  free 
to  move;  thus  the  pole  N  of  a  fixed  magnet  (see  Fig.  92)  will  impel  the 
free  wire  A  B  conducting  a  current  in  the  tangential  dinx^on  B  a. 
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These  results  are  generally  rep- 
resented in  Fig.  93,  where  X  rep-     * 
resents  the  north  pole  of  a  magnet, 
C  the  8e(ftion  of  the  conductor  of 
a  descending  electric  current  per- 
pendicular to   the  plane  of  the 
paper ;  then  the  action  of  C  upon 
N  tendA  to  move  it  in  the  direction  N  n,  and 
the  reaction  of  the  pole  N  upon  the  wire  C 
tends  to  move  it  in  the  contrary  direction  C  c. 
If,  therefore,  the  pole  N  be  free  to  move  round 
the  wire  C,  the  tangential  line  N  n  will  be 
the  direction  of  the  motion ;  and  if  the  con- 
ducting wire  C  be  free  to  move  round  the  pole 
N,  the  tangential  line  C  c  will  be  the  direc- 
tion of  the  motion. 

The  following  rotatory  motiofna  dqwnd  on 
thne  principlea. 


"( 


a 

Fig.  92. 
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7b  make  ike  pole   of  a   magnet   N  revoke  round  a  fixed 

electric  current  C. 

This  was  first  effected  by  Faraday  in  the  following  manner :    A  small 
magnet  N  v*  fixed  to  the  lower  pert  of  a  vessel  Y,  by  means 
of  a  silk  thread ;  the  vessel  is  filled  with  mercury  nearly  to 
the  top  of  the  magnet ;  C  is  a  conducting  wire  dipping  into 
the  mercury,  and  Z  is  another  conductor  communicating 
with  the  mercury  at  the  bottom  of  the  vesseL    Now,  when 
the  electric  current  is  established,  by  connecting  the  ex- 
tremities of  the  wirea  C  and  Z  with  the  opposite  poles  of 
the  battery,  the  pole  N  of  the  magnet  revolves  round  the 
conducting  wire  C.     The  ends  of  the  wires  should  be 
amalgamated  to*  insure  metallic  contact.    If  the  current  is    Fig.  94 
descending,  that  is,  if  C  be  connected  with  the  positive 
pole  of  the  battery,  and  if  N  be  a  north  pole,  its  motion  round  the  wire 
will  be  direct,  that  is,  in  the  direction  of  the  hands  of  a  watch ;  and  so 
on,  vice  vend. 


To   make   a   movable   wire    A  B,  traversed   by    a    current, 
revolve  round  the  pole  ^  of  a  fixed  magnet. 

Here  the  wire  A  B  is  suspended  frxim  the  wire  C  by  a  loop,  and  dips 
into  the  mercury  in  the  vessel  V ;  when  the  circtdt  is  established,  by 
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oonncetiiig  the  viroB  C  md  Z  with  the  Tespective  pdles  of  the  battery, 
the  conducting  wire  lerolves  nmnd  the  pole  N  of  the  magnet. 

If  the  cuirent  be  descending,  and  N  be  the  north  pole  of  the  magnet, 
the  lotatian  will  be  diraet. 

Theae  two  rotationi  may  be  ezhSbited  in  one  piece  of  apparatus,  as 
;,  96,  where  m  npnMota  the  levohiDg  tmaU  magnet. 


Fig.  95. 


Fiff.96, 


which  is  best  made  with  a  sewing  needle ;  fp  the  revolring  wire ;  c  the 
positive  pole  of  the  battery;  and  z  the  negatiye  pole.  When  the  north 
poles  of  the  magnets  are  both  turned  upwards,  the  rotations  take  place 
in  the  directions  of  the  anows,  as  shown  in  the  figure.  Reverse  the 
direction  of  the  electric  current,  and  the  rotations  will  be  revened. 


Ampere's  rotation  of  a  current  about  the  pole  of  a  magnet* 


On  the  two  poles  N  and  S  of  a  permanent 
horseshoe  magnet  are  placed  two  cells  of  copper,  o 
{a  ec  e  n  on  N,  and  e  z  z  an  on  S;)  h  d^hd,  c 
are  copper  wires  attached  to  cylinders  of  amal- 
gamated zinc,  which  dip  into  the  diluted  sul- 
]'^uric  acid,  filling  the  cells ;  these  anc  cylinden 
turn  on  pivots  atss;  tlie  zinc  cylinders  revolve 
round  the  respective  poles  of  the  magnet  in  con- 
trory  directions ;  that  isi,  in  the  directions  indi- 
cated by  the  arrowR. 


L=z9 


Fig.  97. 
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Fig.  SS  lepiaaiU  k  iligbt  modificitum  of  the  finegdng;  here  the 
eappa  cell  turns  upon  a  piTot,  as  well  u  the  linc  cjUnder ;  ind  Ibr  aa 
obfioua  Kmion  thej  rcvolre  in  codIibtj  directunu. 


ELECTRO-DYNAMTC  DtDUCTlON. 

12.  Faraday  was  tfae  first  philosopher  who  discovered 
the  laws  of  electro-dynamic  induction.  lie  showed  thnt  en 
electric  current,  or  &  magnet,  i*  able  by  induction  to  develop 
at  a  distance  electric  curren Is  in  a  conductini|  wire;  in  the 
same  way  as  common  electricity  ilectrizes  an  insulated  con- 
ductor by  induction. 

£z^.  1.  To  show  the  induction  of  a  current  by  magnetiaD.  Take 
the  coQ,  repraented  in  Fig.  81,  and  place  ita  extremities  C  and  Z  in 
connecticn  with  the  respective  binding  screws  of  a  galvanoroeter  {  lud- 
denlf  insert  a  atrcmg  crlindrical  magnet  within  the  coil,  and  the  needle 
will  be  uutantly  deBected,  but  it  will  alronst  immediatdy  return  to  ita 
original  poeitiDQ ;  suddeuly  withdraw  the  magnet,  and  the  needle  will 
be  deflected  in  the  opposite  directioo. 

Thus  it  appears  that  the  induction  of  the  current  acts  only  _ 
at  the  instants  of  application  and  withdrawal  of  the  magnet. 

Tbb  nplaina  the  priociple  on  which  Clark's  taagnt^decttic  machine 
■eta.  29* 
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Exp.  2.  Attacli  Bmall  copper  cylinders  neai  to  the  re>pectiT«  extremi- 
ties of  tbe  wire  C  and  Z;  and  place  a  bundle  of  soft  iron  rods  (inauUtfd 
froiD  eacli  other  by  (  coaling  of  bIieII  lac)  into  the  ohI  ;  coniiMt  the 
win*  C  and  Z  with  the  poles  of  the  battery  ;  bold  the  aippa  cjlinden 
in  the  handi,  and  suddmly  withdraw  one  of  the  wins  tarn  the  pole  of 
the  battaj,'  and  a  pretty  poweriiil  electric  shock  H-ill  be  felt,  and  at  the 
(nme  time  a  ipark  will  be  giTea  if  <ram  the  point  itf  theniie;  at  the 
Dioment  of  restoring  tfao  contMCt.  tmother  shock  will  be  fUt. 

Ihecunoit  produced  in  these  eiperimaita  is  called  »  primary  atrrml; 
a  Meondar;/  etirrmt  a  produced  in  the  following  mannei :  — 

Over  the  coil  oi  wire  described  in  the  Ibregnng  ezpaimcDti,  let  an 
exactly  similar  coil  be  fimncd  upon  it ;  let  Fig.  99 
represent  this  double  coil,  where  a  and  b  ore  the 
ends  of  the  Aztt  or  primary  coil,  c  and  d  the  e  ~ 
of  the  second  or  tecnndarf  aH.     Connect  the  cods 
n  and  b  with  the  poles  of  a  battery,  snd  the  ends    j 
e  and  d  with  a  galvancDictcr  j  then  the  needle  will   I 
be  instantly  deflected,  showing  that  a  seccmdai? 
cuiTcnt  had  been  induced  in  the  seccnd  coil  by  the 
primary  current  in  the  fiiat  ooil ;  suddenly  t 
■way  one  of  the  wires  from  the  cup  of  the  galra- 
twnu!ter.  and  the  needle  will  be  defected  in  the 
opposite  Erection.    The  induced  cuirsitB  CHily  exist  I 
at  the  instant  of  making  or  of  bieaking  the  contact, 


Fig.  99. 


MAGNEIO-ELECTRIC   MACHINEB- 

13.   One  of  the  most  ^mple  machinea  of  this  kind  is  tepMsented  in 
'Fi%.  100.    J  I  is  a  sectioiud  represaitation  of  a.  double  induction  qdral; 
r  r  the  wooden  hollow  roller  on  which  the  primary  coil  of  itMtf  copps' 
wire  a  a  is  wrapped ;  A  A  tbe  eeoondary  cdl 
of  fine  wire  suirotmding  tbe  Sist  coil;  nt 
the  bundle  of  iron  wires  placed  in  tbe  hol- 
low axis  of  the  ctols,  and  projecting  with 
its  lower  pole  a  little  beymd  the  wooden 
cylinder  ;  one  end  :  of  the  wire  of  the  pri- 
mary coil  is  connected  with  one  pole  of  s 
constant  battery,  and  tbe  other  raid  y  hfx 
t,t  the  wire  of  the  priraary  coil  with  the 
other  pole  of  the  battery  j  that  portion  of  ^'  ^**"' 

the  conducttn-p  h  rf,  between  the  two  binding  screws  y  and  z,  acts  aa 
the  contact  brcakcn     Thig  ciutari  breaker  is  constmctad  M  fOllowa  i  it 
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is  soldered  at  /  to  a  flexible  plate  screwed  to  the  rod  proceeding  from 
the  binding  screw  x;  «  is  a  plate  of  soft  iron,  soldered  to  the  conducting 
wire,  exactly  under  the  electro-magnetic  rods  m ;  at  h,  the  conducting 
^vire  is  bent  downwards,  and  terminates  with  a  hammer,  having  a  plat- 
inum point,  which  rests  upon  a  copper  plate  or  anyil  p»  When  the 
hammer  A  is  in  contact  with  the  anvil  /»,  the  electrical  current  is  com- 
plete^ and  the  soft  iron  wires  m  become  powerfully  magnetised  by  the 
primary  current ;  the  magnet  then  attracts  the  plate  0,  and  breaks  the 
contact,  the  rods  instantly  lose  their  magnetism,  and  then  the  hammer 
h  falls  upon  the  anvil  m,  and  thereby  again  restoreB  the  electrical  cur- 
rent ;  and  so  on.  This  process  goes  on  with  great  rapidity,  so  long  as 
the  connection  of  the  wires  z  and  y  with  the  poles  of  the  battery  is 
maintained. 

Vivid  sparks  are  emitted  between  the  hammer  and  the  anvil,  every 
time  the  connection  is  broken  or  made. 

Substances,  to  be  subject  to  the  action  of  the  electric  current,  moat  be 
interxKMed  between  the  binding  screws  x  and  y  ;  thus  the  thermal,  chem- 
ical, magnetizing,  and  physiological  effects  may  be  observed  at  the 
instant  the  contact  of  the  hammer  with  the  anvil  is  broken  or  destroyed. 

But  the  secondary  current  is  that  which  should  be  used  for  pro- 
ducing the  shocks  or  phybiological  effects.  For  this  purpose,  the  ex- 
tremities of  the  wire  forming  the  secondary  coil  h  b  are  soldered  to  small 
copper  cylinders,  and  these  are  held  in  the  hands  of  the  person  wishing 
to  receive  the  shocks,  one  cylinder  in  each  hand.  A  rapid  succession  of 
shocks  is  felt,  for  the  effect  takes  place  at  every  time  the  contact  of  the 
hammer  with  the  an\dl  is  broken  or  renewed. 

This  machine  has  been  constructed  in  various  forms;  sometimes 
Kichie's  rotating  magnet  is  used  for  breaking  and  renewing  the  connec- 
tion of  the  conducting  wnxe  cf  the  primary  coil  with  the  poles  of  the 
battery. 


Faraday  s  Jlfagneio^lectrtc  Machine, 

14.  The  Gx9t  machine  of  this  kind  was  constructed  by  Faraday,  as 
frhown  in  Fig.  101.  It  is  thus  described  by  Brsnd  in  his  Manual  of 
Chemistry. 
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Fig,  101. 

C  is  a  oopper  plate,  00  mounted  as  to  admit  of  revolTmg  on  its  axis ; 
n  t  are  tlie  poles  of  a  powerftil  horseshoe  magnet,  so  placed  as  to  admit 
of  the  revolutiott  of  the  plate  between  them ;  ir  tr'  are  oonducting  wires, 
one  of  which  is  retained  in  metallic  contact  with  the  axis,  and  the  other 
with  the  rim  of  the  plate,  at  the  point  between  the  poles  n  f .  These 
wires  are  connected  with  the  galvanometer  g.  When  the  copper  plate  is 
made  to  revolve  from  right  to  left,  a  current  of  electricity  is  produced  in 
the  direction  of  the  arrows,  and  deflects  the  galvanometer  accordingly. 


Cflark^s  MagnetO'electnc  Machine, 

15.  Pixii  first  made  a  machine  of  this  kind,  wliich  was  snccesaively 
improved  by  Saxton  and  Clark.  The  arrangement  adopted  by  Clark  is 
thus  described  by  M.  Becqu^rel  in  his  treatise  on  Electricity. 

A  (Fig.  102)  represents  a  series  of  six  magnetized  bars  of  steel,  bent 
into  a  hor»cshtfe  form,  arranged  vertically,  and  supported  by  four  screws 
fixed  to  the  board  B,  two  of  which  are  seen  at  M  N,  (Pig.  103.)  A 
thick  bar  of  brass  C  is  pierced  in  its  centre  by  an  opening,  into  which 
passes  a  bolt  with  a  nut  for  the  purpose  of  securing  the  magnet  against 
the  board  B.  By  this  arrangement  the  magnet  may  be  easily  removed 
without  disturbing  the  rest  of  the  apparatus.  D  represents  the  arma- 
ture of  a  double  cylinder  of  soft  iron  G  F,  which  is  fixed  to  a  brass 
screw  placed  between  the  poles  of  the  battery  A.  This  piece  is  set  in 
motion  in  the  manner  indicated  in  Fig.  103,  by  means  of  the  wheel  E 
of  an  axis  of  rotation  and  an  endless  cord.  On  each"  cylinder  is  rolled 
a  helix  of  fine  oopper  wire,  coated  with  silk,  and  about  800  yards  in 
length.     One  of  the  ends  of  each  helix  is  soldered  to  the  armature; 
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petpendicular  to  the  autlace  of  which,  kt  D,  ia  a  bni*  nxl  BUf^oHing 
two  break-ineccB  H.  K  lepnwntj  m  hollow  braai  cylinder,  to  which  i« 
■oldratd  one  of  the  free  endi  of  the  helices,  and  which  i»  tepuated  from 


J  » 


Fis.  102. 

the  tod  bjr  mean>  of  tt  piece  of  baid  wood  mtingon  it;  the  other  aid 
of  the  helices  is  in  communication  with  the  rod.  O  is  an  itm  wire 
Kpring  to  eicidae  n  pressure  against  the  hollow  cjlinder  K,  with  whicli 
it  is  in  metallic  contact,  by  means  of  a  screw  fixed  in  the  bnus  plate  M. 
1'  represents  a  square,  vertical  brass  rod,  fitted  into  the  brass  plate  N. 
Q  in  a  metal  siting,  exercising  a  feeUo  pressure  on  the  break  piece  II : 
it  iii  hold  in  metallic  contact  by  means  of  a  binding  screw.  T  is  a  cop- 
per wire  for  making  rammanicatioa  between  the  brags  plates  M  N.  By 
mcarj  of  this  Hrranecmcnl,  these  varioua  parts  D,  n,  Q,  P,  N,  are  in 
ronncction  ivilh  one  of  the  ends,  and  K  and  SI  with  the  two  other  ends. 
It  is  very  evident  thnt,  an  the  ^prinp  Q  pnsiwa  jjcntly  on  tbe  btvak-pi-ve 
It,  the  cThH  trc  to;.'ii]H- It  i^  iirj-  iirrc<'nn-  that  the  L-n-»Ii- 
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pieoe  be  bo  ananged  that  the  spring  Q  filudl  separate  ftt  the  rery  time 
when  the  ixon  cylindets  of  the  annature  are  leaTing  the  .  poles  of  the 
ntagnet    With  reqpoct  to  the  inm  wire  O,  it  always  cxoeises  a  gentle 


Fig.  103. 

pressure  against  the  hoUow  brass  cylinder  K.    By  means  of  these  ar- 
rangements, a  mercury  bath,  which  is  always  inconvenient,  is  super- 
seded.   When  the  shock  is  to  be  given  by  this  machine,  the  two  copper 
oonductcxs  R  S  (Fig.  102)  are  taken  into  the  hands,  which  are  mdstened 
with  salt  water,  one  of  the  conductors  being  in  communication  with  the 
plate  M,  and  the  other  with  the  plate  X,  in  the  manner  shown  in  the 
llgure ;  M  and  N  are  then  united  by  the  piece  T.    llie  shock  received 
by  this  apparatiis  as  soon  as  the  wheel  is  turned  is  very  violent.    If  we 
desire  a  current  always  in  the  same  direction,  one  break-piece  only  is 
placed  on.    In  this  case,  the  circuit  is  interrupted  when  the  current 
changes,  that  is,  when  each  hdix  quits  one  branch  of  the  magnet.  •  .  . 
On  placing  the  two  connecting  wires  R  S  between  M  N,  the  shock  ia 
not  so  powerful.     U  and  V  (Pig.  102)  are  handles  connected  with  the 
conducting  wires,  and  furnished  with  pieces  of  sponge,  which  are  em- 
ployed in  the  application  of  electricity  for  medical  purposes.    These 
sponges  are  moistened  with  acid  or  saline  solutions.     By  means  of  them 
a  succession  of  the  inost  powerful  shocks  may  be  applied  where  they  arc 
needed.  ...  To  decompose  wata^t    Mr.   Clark    uses    the    apparatus 
(Fig.  104)  airanged  in  the  following  manner :    A  is  an  earthen  veesd 
with  a  brass  lid,  having  a  base  of  hard  wood,  through  which  pass  two 
copper  wires  soldered  to  platinum  wires,  and  which  are  oonnected  with 
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II  N.  Two  lubu  A  ue  filled  wUk  water,  tnd  then  placed  onr  the 
pin*'""'"  wim,  whCTe  they  are  sui^iorted  by  •  coik.  The  two  plate*  of 
r!r^""—  C  and  D,  which  aie  connected  bj  coiner  wina  with  M  and  N, 


•M  fx  ibowing  the  tfl^ets  of  electio-chemical  decotapodtiaw.  For  this 
pnrpoae,  a  piece  of  litmua  or  tuimerie  paper,  pierioiuly  moistened  with 
a  neutral  mII,  ii  placed  between  the  disks.    In  the  place  of  the  two  pK- 


Fig.  lOS. 

ceding  hdioea  and  Iheb  accaaoiiea,  whidi  be  calls  the  inttntity  ormo- 
Amw,  because  the  current  obtained  ia  fean  dectritdtj  of  high  tenmon,  Mr. 
Clark  anplays  a  qnantity  annatnre,  finined  of  less  powerful  cylindoi, 
and  with  a  copper  wire,  rovncd  with  oik,  only  id  yards  Vgtg,  the  diam- 
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eter  of  which  is  greater.  Fig.  105  repnsentB  the  apparatus  fimuKhed 
-with  this  new  vmature.  A  is  the  haroeshoe  magnet,  D  the  annatore. 
F  and  6  the  two  heUces.  Attention  must  be  paid  that  the  spnng  quxlB 
the  Ireak'piece  at  the  moment  when  the  piece  is  vertical,  for  then  it  is 
that  it  is  in  a  neutral  position  relatiTe  to  the  poles  of  the  magnet.  To 
fuse  iron  wire  with  bright  scintillations,  one  end  of  the  wire  is  connected 
with  the  end  P,  and  the  other  end  is 
gcutly  pressed  on  the  rotating  armature  o 
1).  If  we  wish  to  obtaiu  s^iarks  of  dif- 
ferent colors  by  the  employment  of  dif- 
ferent metals,  the  break-piece  is  taken 
away,  and  the  piece  of  copper  B  (Fig. 
106)  is  substituted.  Li  its  open  part  is 
introduced  a  piece  of  tny  metallic  wire 
C\  gold,  for  example ;  the  extremity  of 
the  spring  O  is  also  of  gold.  On  mak- 
ing the  apparatus  rotate,  purple-oolorod 
sparks  are  obtained. 


Fig.  106. 


THERMO-ELECTRICITY. 

IC.  The  electricity  which  is  developed  by  heat  is  called 
thermo-electricity.  When  two  different  metal  rods,  such  as 
copper  and  platinum,  or  antimony  and  bismuth,  are  soldered 
together,  and  heated  at  the  part  of  jonction,  electricity  is  gen- 
erated. 

Exp.  1.  Twist  the  end  of  a  copper  wire  round  one  end  of  a  platinum 
wire ;  place  the  other  extremities  in  connection  with  the  binding  screws 
of  a  galvanometer;  heat  the  twisted  extremities  with  the  flame  of  a 
spirit  lamp ;  the  needle  of  the  galyanometcr  will  be  instantly  deflected.^ 

Exp.  2.  Fix  two  copper  wires  into  the  binding  screws  of  a  galvanom- 
eter ;  heat  the  free  end  of  one  wire  with  the  flame  of  a  spirit  lamp ; 
bring  the  free  end  of  the  other  wire  into  contact  with  this  heated  wire; 
the  needle  will  be  instantly  deflected,  thereby  showing  the  existence  of 
an  electric  current.  It  is  desirable  that  the  end  of  the  wire  which  is  to  be 
heated  should  terminate  with  a  small  plate. 

Exp.  3.  The  simple  apparatus  represented 
in  Fig.  107  exhibits  the  effects  of  thermo- 
electricity in  a  very  striking  manner,  a  b 
c  d  eis  &  strip  of  copper,  bent  into  the  form 
sho^inn  in  the  figure,  and  riveted  at  e.    A 
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■mall  magnetic  needle  n  f  is  saspended  between  the  plates.  Heat  the 
free  end  a  of  the  copper  frame  with  the  flame  of  a  spirit  lamp,  and 
the  needle  will  be  instantly  deflected. 

Thermoelectric  BcUteries. 

17.  These  batteries  are  formed  by  soldering  together  a  series  of  pairs 
of  metal  ban,  as  shown  in  Fig.  108,  where  the  dark  lines  represent  the 
bars  of  the  same  kind  of  metal,  and  the  faint  lines  those  d  the  other 
kind  of  metal.  Heat  is  lulled  at  the  junctions  aa  a,  while  the  junc- 
tions 6  6  6  are  kept  cool.    The  extreme  ends  a  b  form  the  poles  ii  the 

66666a  66        6        ha 

\Nsm    uLruij 

<$    <$    u    Q    n  u        a        Q        a 

Fig.  108. 

battery,  which  may  be  connected  with  binding  screwy  &c.  Bismuth 
and  antimony  are  the  two  metals  most  commonly  used  in  constructing 
these  batteries,  when  the  heat  emx>loyed  is  moderate;  but  if  the  heat  to 
which  the  battery  is  to  be  exposed  is  great,  platinum  and  iron  should 
be  used. 

A  thermo-electric  battery  is  sometimes  used  as  a  thermometer.    Fig. 
109  represents  an  apparatus  of  this  kind,    a  the  tin  or  brass  box  which 
contains  the  thermo-battery  S,  com- 
posed of  bismuth  and  antimony  bars,  ^^ 
arranged  according  to  the  principle  ex- 
plained in  connection  with  Fig.  108 ; 
m  and  p  the  binding  screws  connected 
with  the  poles  of  the  battery;  wires 
pass  from  these  binding  screws  to  the  ^^9*  109. 
^ranometer ;  6  and  e  are  the  two  lids 

of  the  box.  "When  heat,  in  any  form,  is.applied  at  S,  the  deflection  of 
the  needle  indicates  the  degree  of  temperature  of  that  heat.  This  in- 
strument is  much  used  for  detecting  very  minute  differenoes  of  tempera- 
ture. A  good  instrument  will  readily  detect,  by  the  deflectioQ  of  the 
needle^  a  diflerence  of  temperature  of  a  hundredth  part  of  a  degree. 


ACTION    OP    ELECTRO-HAONETS    UPON    DIFFERENT    BODIES. 

18.  All  bodies  which  are.  capable  of  being  magnetized  are 
called  magnetic  bodies ;  but  Faraday  has  recently  shown  that 
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magnetism  esCerU  on  all  bodies,  more  or  less,  a  certain  pecu- 
li«r  influence,  very  different  from  the  magnetic ;  those  bodies 
are  called  dia-magnetic.  Thus  the  flame  of  a  candle  under- 
goes a  peculiar  cliange  when  placed  between  the  poles  of  a 
powerful  magnet ;  and  light,  when  made  to  pass  over  the  poles 
of  a  magnet,  undergoes  a  change  of  polarity ;  and  so  on  to 
various  other  dia-magnetic  bodies. 

THE   ELECTEO-MAGNETIC  TELEGRAPH. 

19.  By  mennt  of  Tery  simple  expedients,  the  cuzrent  of  magnetiana. 
may  be  interrupted  hundreds  of  times  in  a  second,  being  fully  reestab- 
lished in  the  intervals.  These  effects  are  in  no  way  modified  by  Che 
distance  of  the  place  of  interruption  of  the  conent  ftom  the  magnet. 
Thus  pulsations  of  the  current  may  be  produced  by  an  operator  in  Bos- 
ton, and  the  simultaneous  pulsations  of  the  magnetism  may  take  place 
at  New  Orleans,  provided  only  that  the  two  places  are  eomteeted  by  a 
continuout  teriea  of  conducting  wire$. 

Now,  if  the  extremity  of  a  lever  which  is  attached  to  the  vibrating 
armature  carry  a  pencil  which  presses  upon  paper,  when  the  lever  is 
drawn  towards  the  electro-magnet,  and  if  at  the  same  time  the  pi^ier  is 
moved  under  the  pencil  with  a  unifonn  motion,  a  hne  wiU  he  traced 
upon  the  paper  by  the  pencil,  the  length  of  which  will  be  proportioaate 
to  that  of  the  interval  during  which  the  lever  is  held  in  contact  with 
the  stop.  As  the  operator  in  Boston  can  regnlate  this  interval  at  win, 
by  controlling  the  flow  of  the  electric  current,  making  that  cunent  act 
for  a  short  interval  if  he  desire  to  make  a  short  line  upon  the  paper,  fir 
a  long  interval  if  he  desire  to  make  a  long  line,  and  for  an  instant  if  he 
desire  to  make  merely  a  dot,  it  will  be  understood  how  he  can  at  will 
mark  a  sheet  of  paper  at  New  Orleans  with  any  desired  suooesBion  of 
lines  of  various  lengths,  or  of  dots,  and  how  he  may  combine  thiBBe  in 
any  way  he  may  find  suitable  to  his  pnipose. 


horse's  telegraph. 

20.  This  apparatus,  which  is  appHed  on  an  eztensiTe  scale  in  Amer- 
ica, and  with  some  slight  modifications  in  Germany,  is  constructed  ^qxxn 
the  principle  just  explained* 

A  general  view  of  the  instrument  in  its  most  nsoal  ten  Sf  giftn  in 
the  following  figure. 


KLECTRO-DTHAHICS. 


Fig.  110. 

M  ii  the  electTD-nugoet ;  H  is  an  armaCiuc  working  cm  the  centre  e ; 
i  IB  an  wtiuBI^Dg  Bciew,  to  limit  the  plaj  of  the  umature  and  prereat  ita 
cODtact  with  the  electro-nugnetatp;  d  is  another  adjmling  »etcw,  to  limit 
its  plaj  in  the  other  diiectian ;  t  a  metallic  itjle,  which  matka  by  "prtt- 
iute  a  band  or  ribbcc  of  p^ier  drawn  from  the  roll  R,  and  carried  between 
the  rolleiB  a  and  e' ;  P  Iha  ribbon  at  paper  dischai^ed  tana  the  nilten 
D  o'  after  bang  improwcd  trf  I  with  the  telegraphic  cbaractcn  ;  I,  A,  ke., 
clockwork  from  which  the  rollera  o  a'  r^cdve  their  motion,  by  which 
motion  the  ribbon  of  paper  ia  drawn  &om  the  roll  It ;  /  the  spring  which 
dnws  the  arm  H  of  the  electro  nugnM:  &om  the  amuture;  S  S  the 
uinight  [ueccs  aupporting  the  clockwork ;  B  B  the  base  ropporting  the 
iiutniment ;  D  the  key  contmutatta',  by  which  the  current  transmitted 
along  the  line  wire  ii  alternately  tmtsmittcd  end  anqtended ;  tn  n,  m'  n', 
wirta  by  which  the  coil  of  the  electro-magnet  and  the  poles  of  the  Ma- 
tico  battery  ai«  put  in  connection  with  the  line  wirea. 

The  following  are  the  telegraphic  characten  adopted  by  Ftofbsar 
Uone  for  the  Engliih  language :  — 

A-—  J S... 


C-- 


M  — 
N  — - 
O-  - 


NATORU.   AXD  KXPIRWEKTAL   PIIIL090PHT. 


bain's  ELECTBO-CHKUICAL  TBLEORAPB. 

21.  Tbe  eAtntital  properties  of  the  electric  current  on  be  made  to 
supply  the  means  of  tcoiumitUng  signals  between  two  distant  stations. 
When  a  current  of  adequate  intcnatj  is  made  to  paas  through  ctttun 
chemical  compounds,  it  is  found  that  these  are  dteompoMid,  one  of  tlbeir 
constituenta  being  earned  away  in  the  directioD  of  the  current,  and  the 
other  in  the  contrary  direction. 

or  the  fbims  of  telegraph  In  which  this  prindpJe  is  brought  into  pllj, 
the  only  one  which  has  been  piactically  applied  on  «n  exteumTC  acole 
it  that  by  Mr.  Alexander  Bain. 


To  understand  thia  instniment,  let  us  suppcae  a  thoA  of  writing  papsc 
to  be  wet  with  a  Bolution  of  fnisdate  of  potash,  to  which  a  little  nitrio 
and  hydro- chloric  acid  hare  been  added.     Let  a  metallic  dcik  he  pn>- 


ELECT80-DTNAH1CS.  353 

log  in  die  witli  the  sheet  of  paper,  and  let  Uii*  desk  be 
put  in  Mmmnnication  with  a  galTtuiic  battery  so  as  to  form  its  Degntive 
pole.  Let  a  [uece  of  sted  or  copper  wire,  forming  a  pen,  be  put  in  con- 
nection with  the  nine  tiattciy  lo  m  to  fbrm  its  poeitiTc  pole.  Let  the 
■heet  of  nwiitened  paper  be  now  laid  upon  the  metallic  dedc,  and  let 
the  sted  or  ocf^ier  point  which  ftrms  the  positiTC  pole  of  the  battery  be 
brought  into  contact  with  it.  The  gdvanic  circle  being  thus  completed, 
the  current  will  be  estobltEhcd,  the  solution  with  which  the  paper  is  wet 
will  be  decomposed  at  the  point  of  contact,  and  a  blue  or  brown  spot  wiU 
appear.  If  the  pen  be  now  morcd  upon  the  paper,  the  continuous  sue- 
ceauoD  of  spots  will  fonn  a  blue  or  brown  line ;  and  the  pen  being  inoved 
in  any  manner  upon  the  paper,  characters  may  be  thus  written  upon  it, 
as  it  were,  in  blue  or  brown  ink. 

By  means  of  wheelworh,  the  mrtRlIic  drsli  is  made  to  revise  round 
its  centre  in  its  own  plane,  while  the  style  rccnves  a  slow  motion  directed 
fiom  the  centni  of  the  disk  towards  its  edge.  Li  this  way  the  style 
traces  a  spiral  curve  upon  the  paper,  winding  round  it  continually,  and 
at  the  same  time  retiring  constantly  but  slowly  from  its  centre  towards 
its  edge.  It  will  be  erident,  without  further  eipUnatioQ,  that  charac- 
ters rosy  thus  be  produced  on  the  prepared  pttper  conesponding  to  those 
of  the  tel^rqihic  alphabet  already  described  in  Morae's  Telegraph. 


boose's  TELESaiFH, 
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22.  This  apparatus,  wldch  is  in  extenahre  use  in  the  United  Stately  a 
a  printing  telegraph  —  that  is,  an  instzmnent  which  prints  in  the  ordi- 
nary ktten  the  despatch  at  the  station  to  which  it  is  addressed,  bj  means 
of  a  power  worked  at  the  station  from  which  it  is  transmitted.  It  con- 
sists of  two  distinct  parts — a  commutating  apparatus,  to  govern  the 
transmission  of  the  current,  and  a  printing  apparatus,  upon  which  the 
cunent  operates. 

The  transmission  of  the  current  is  controlled  by  the  keys  of  the  finger 
board.  The  wheel  that  produces  by  its  revolution  the  pulsations  of  the 
current  is  moved  by  the  foot  of  the  operator  acting  upon  a  treddle.  The 
rotation  of  this  wheel  i»  arrested  at  the  point  corresponding  to  any  derired 
letter,  by  putting  down  with  the  finger  the  key  upon  which  that  letter 
is  engraved. 

23.  Mr.  Bemstan,  of  Berlin,  has  invented  a  modification  of  the  elee- 
tric  telegraph,  which  promises  to  extend  the  advantages  of  that  machine 
in  a  remarkable  manner.  The  peculiarity  of  the  invention  is,  that  by- 
one  ^-ire  two  different  messages  can  be  sent  in  the  same  or  in  opposite 
directions  at  one  time.  Experiments  were  made  in  London  with  the 
new  machine,  and  they  arc  said  to  have  fully  established  its  powers. 

TELEGRAPH  LINES  IX  TIDE  UNITED  STATES. 

2-i.  Owing  to  the  rapid  progress  and  unrestricted  freedom  of  enter- 
prise in  the  United  States,  a  gi-eat  number  of  independent  companies 
have  been  formed,  by  which  the  vast  territory  from  the  Atlantic  Ocean 
tu  the  ML^issippi,  and  from  the  C^ulf  of  Mexico  to  the  frontiers  of  Can- 
ada, is  overspread  with  a  network  of  wires,  upon  which  intelligence  of 
every  description,  and  personal  and  commercial  correspondence,  are  flow- 
ing ni2:ht  and  day,  incessantly,  from  year  to  year,  in  a  torrent  of  which 
the  old  continents  offer  no  similar  example. 

The  American  lines  arc  generally  classified  according  to  the  telegraph 
instruments  with  which  they  work.  These  are  those  of  Morse,  House, 
and  Bain  ;  all  of  which  transmit  despatches  by  means  of  a  single  con- 
ducting wire,  and  all  of  which  write  or  print  the  despatches  they  trans- 
mit —  those  of  Morse  and  Bain  in  a  telegraphic  cipher,  and  that  of  House 
in  the  common  Roman  capitals. 

Of  these  three  systems,  that  of  Morse  is  in  the  most  general  use —  a 
circumstan'.e  which  is  partly  explained  by  the  fact  that  it  was  the  ear- 
liest adopted,  and  had  established  its  ground  long  before  either  of  the 
competing  systems.  It  must  be  admitted  that,  so  far  as  public  opinion 
and  favor  can  be  accepted  as  a  test  of  practical  excellence,  the  system  of 
Morse  has  received  not  only  a  large  majority  of  patronage  in  the  United 
States,  but  also  in  the  northern  and  eastern  states  of  Europe.  In  1854, 
the  total  extent  of  telegraphic  wire  then  in  operation  in  the  United  States 
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was  abore  40»000  miles ;  of  which  Morse's  had  30,072  miles,  IIouFe's 
GSoO  miles,  and  Bain's  670  miles. 

'ilie  most  dijitant  points  connected  by  tloctric  telegraph  in  North 
America  are  Quebec  and  New  Orleans,  which  are  3000  miles  apart;  and 
two  separate  lines  connect  New  York  with  New  Otleun^,  —  one  running 
along  the  seaboard,  the  other  by  wny  of  the  ^li2<>i^.ill]i,  —  each  about 
2000  miles  long.  Metifiagcs  have  been  transin.ttcd  Iroin  New  York  to 
Nc'w  Orleans,  and  the  answers  received,  in  the  space  of  three  houra, 
though  they  hod  necessarily  to  be  written  several  times  in  the  course  of 
transmission. 

The  oleetric  telegraph  is  used  by  all  classes  of  society  on  an  ordinaiy 
method  of  transmitting  intelligence. 

Government  despatches,  and  messages  inyolving  the  life  or  death  of 
any  persons,  arc  entitled  to  precedence ;  next  come  important  pros  com- 
munications; but  tlie  latter,  if  not  of  cxtruoxdinary  interest,  await  their 
regular  turn. 

IntetTUptions  occur  most  ircquently  frmn  the  iiitcrference  of  atmos- 
pheric electricity ;  iji  suimutr,  they  arc  estimated  to  take  place,  on  an 
average,  twice  a  week.  Otiicr  accidental  cauics  of  interruption  occur 
irregularly,  from  the  falling  of  the  poles,  the  breaking  of  wires  by  fall- 
ing trees,  and,  particularly  hi  winter,  from  the  accumulated  weight  of 
snow  or  ice. 

The  electric  current  Is  made  to  act  through  long  distances  by  usuig 
load  and  branch  circuits  and  relay  magnets,  in  those  9}*8tems  where  it 
would  be  otherwise  too  weak  to  operate  eflbctuolly. 

No  adaptation  of  the  system  can  be  more  interesting  and  useful  than 
that  which  is  made  for  the  purpose  of  conveying  signals  of  alarm  and 
intelligence  in  the  case  of  fire.  This  has  been  completely  developed  in 
Boston.  The  city  is  divided  into  seven  dlEtricts,  each  provided  with  a 
powerful  alarm  bell.  Every  district  contains  several  stations ;  there  arc 
altogether  in  the  seven  districts  forty-two  stations,  all  of  which  are  con- 
nected with  a  chief  central  office,  to  which  intelligence  of  fire  is  con- 
veyed, and  from  which  the  alarm  is  given. 

At  each  of  the  stations  there  is  erected,  in  some  conspicuous  position, 
a  cast-iron  box  containing  the  apparatus  for  conveying  intelligence  to 
the  central  office ;  and  by  striking  the  signal  bell  a  certain  number  of 
times,  the  district  and  station  from  which  the  signal  is  made  are  indi- 
cated. An  attendant  is  always  on  the  watch  at  the  central  office ;  and 
when  his  attention  is  called  to  the  signals  by  the  striking  of  a  large  call 
bell,  he  immediately  sets  in  motion  his  alarm  apparatus,  and,  by  depress- 
ing his  telegraph  key,  causes  all  the  alarm  bells  of  the  seven  districts  to 
toU  as  many  times  in  quick  succession  as  will  indicate  the  district  where 
the  fire  haa  occurred  —  the  alarm  being  repeated,  at  short  intervals,  as 
long  as  may  be  necessary. 


ASTRONOMY- 
OBJECTS  OP  ASTRONOMY.— GENERAL  VIEW  OF  THE 

HEAVENa 

1.  AsTROKOiCT  is  that  science  which  treats  of  the  heavenlj 
bodies  —  the  soiiy  the  moon,  and  the  stars. 

THE   STARS. 

2.  When  we  look  at  the  heavens,  on  a  clear  night,  thej 
appear  to  us  like  a  vast  dome,  or  concave  hemisphere,  in 
which  the  stars  shine  like  so  many  brilliant  gems  of  lighL 


«  <f  j  «^  <j  # 

Fiff,  1.    The  Stan. 

The  point  directly  over  our  heads  is  called  the  zenith,  and 

tiie  line  where  the  skj  and  the  earth  appear  to  meet  is  called 

(866) 
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the  horizon.    The  nculir  is  that  point  in  the  heavens  which 
is  opposite  to  the  zenith ;  that  is,  it  lies  directlj  below  our  feet 

Thus  in  Fig.  l,letenea  represent  the  eorth,  and c the  place  of  a 
person  looking  at  the  Stan ;  then  Z  is  his  zenith,  D  his  nadir,  and  H  R 
his  horizon ;  H  Z  R  is  the  hemisphere,  or  half  sphere,  of  stara  which 
are  -visible  to  him,  and  H  D  R  the  opposite  hemisphere,  which  would  be 
Tisible  to  a  spectator  at  e  on  the  opposite  side  of  the  earth. 

In  the  daytime  we  do  not  see  the  stars  on  account  of  the 
superior  light  of  the  sun ;  just  in  the  same  way  as  we  should 
not  see  the  flame  of  a  candle,  at  the  distance  of  a  few  hun- 
dred yards  from  us,  when  the  sun  is  shining ;  but  with  a  tel- 
escope the  stars  can  be  seen  at  any  time  of  the  day. 

CARDINAL   POINTS. 

3.  If  you  look  towards  the  sun  at  noon,  your  face  is  di- 
rected to  the  south  ;  your  back  is  towards  the  north ;  the  east 
is  on  your  lefl  hand ;  and  the  west  is  on  your  right.  These 
four  points  in  the  horizon  are  called  the  cardinal  points. 
Your  shadow  at  noon  is  shorter  than  it  is  at  any  other  time 
of  the  day,  because  the  sun  has  then  attained  his  greatest 
elevation  above  the  horizon.  The  sun  rises  towards  the  east, 
and  sets  towards  the  west.  At  noon  the  sun  is  said  to  be  on 
the  meridian  ;  and  the  time  which  elapses  between  his  leav- 
ing the  meridian  and  returning  to  it  again  is  called  a  solar  day, 

DIURNAL   MOTION    OF   THE  HEAVENS. 

4.  If  we  look  attentively  at  the  stars,  on  a  cloudless  night, 
we  shall  see  one  star  after  another  rising  above  our  horizon  in 
the  east,  and  star  afler  star  setting,  or  sinking  beneath  our 
horizon  in  the  west.  A  little  farther  observation  will  show 
us  that  the  whole  visible  heavens  appear  to  turn  from  east  to 
west  about  a  certain  little  star,  considerably  elevated,  called 
the  polar  star  ;  and  that  n  complete  revolution  is  made  in  the 
course  of  every  day.  Now,  this  apparent  motion  of  the 
heavens,  as  we  shall  afterwards  see,  is  really  produced  by  the 
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rarolation  or  tarniog  of  the  earth  from  west  to  east,  round  a 
line  or  axis,  which  we  may  oonoeiTe  to  be  drawn  through  the 
centre  of  the  earth  and  the  polar  star*  This  is  called  the 
diornai  motion  of  the  heavens,  becaoae  it  is  perfonned  in  the 
course  of  a  day. 

In  Fig.  1,  N  nyiMcnti  the  north  polar  star,  N  8  the  line  round  wluch 
the  heavena  appear  to  turn,  or  the  line  round  which  the  earth  really 
tumft. 

XAQNITUDK   OF   THE   STARS. 

5.  In  a  clear  night  about  two  thousand  stars  maj  be  seen 
with  the  naked  eye,  but  with  a  small  telescope  many  millions 
may  be  observed.  The  stars  appear  to  us  of  di£Perent  sizes 
and  degrees  of  brightness ;  the  largest  and  brightest  are  said 
to  be  of  the  first  magnitude ;  the  next  in  order  of  the  second 
magnitude ;  and  so  on  to  the  sixth  magnitude,  which  com- 
prises those  very  small  stars  which  are  just  visible  to  the 
naked  eye.  There  are  only  eleven  stars  of  the  first  magni- 
tude in  our  hemisphere,  and  six  in  the  southern,  or  opposite 
hemisphere.  There  are  about  fifty  of  the  second  magnitude, 
visible  to  us,  and  not  less  than  one  hundred  and  twenty  of  the 
third  magnitude. 

FIXED   STARS  AND   PLANETS. 

6.  Nearly  all  the  stars  which  we  see  are  fixed ;  that  is  to 
say,  they  do  not  change  their  distances  from  one  another,  but 
always  present  the  same  outline  of  form.  Some  of  the  stars, 
however,  do  not  always  remain  in  the  same  place,  but  move 
among  ihefieed  stars:  these  stars  are  called  planets. 

The  fixed  stars  are  also  distinguished  from  the  planets  by 
having  a  more  twinkling  sort  of  light ;  and  viewed  through  a 
telescope,  the  planets  look  like  little  luminous  globes,  while 
the  stars  simply  appear  like  brilliant  points  of  light  without 
any  appreciable  size. 
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CONSTELLATIONS. 


7.  The  aod«Dt  utronomera,  lor  the  convenience  of  reter- 
ence,  formed  the  fixed  stara  inio  const ellations,  or  groups  of 
■tare,  and  represented  them  bj  snimaLi,  and  other  things,  to 
which  they  imagined  the  outline  of  the  stars,  in  each  croup, 
had  some  resembkince.  The  most  striking  of  the  oonstella' 
Uona  is  that  of  the  Great  Sear,  which  is  commonly  known  by 
the  name  of  CharUt't  Wain,  or  wagon.     Sailors  call  it  the 

The  fonn  of  this  coDstellition  is  shown  in  Fig.  2,  where  the  fbur  stan 
« 1  e  it  an  tuppoaed  to  repreaoit  the  body  of  the  dipper,  and  the  tenuin- 
ing  thMe  the  handle.  The  two  ctars  A  o  are  called  M«  pomttn ;  for  if  a 
linebediawnthtougb  them  it  will  Terjr  nearl;  point  to  the  polar  star  N. 


Fig.  %.    CcoitdlttioD  al  the  Onat  B«V. 

If  a  line  be  drawn  fhxn  the  star  e,  leaving  e  a  little  to  the  left,  it  win 
pa«  through  a  vay  brilliant  star  A,  called  JivAmu,  which  is  the  prin- 
cipal tioz  in  the  oonAdlatton  of  Boo'let. 

The  namca  of  the  different  con^iellations  may  be  readily 
acquired  by  looking  at  a  celestial  globe,  wiiich  is  constructed 
to  represent  the  aspect  of  the  heavens.  These  conRt«ltations 
always  present  the  same  nppeirance  ;  the  hoory-headed  man, 
tottering  on  hii  grave,  as  be.  tukes,  it  may  be,  ii  In^l  look  at 
Clinrles's  Wain,  well  remenibei'S  iliut  it  presented  the  same 
aspect  ivlien  be  first  gaied  upon  it  in  the  joyous  days  of  his 
childhood. 
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8IGNB    OP  THE   ZODIAC. THE    ECLIPTIC. 

8.  There  is  a  remarkable  class  of  constellations,  extending 
round  the  heavens,  like  a  band  or  belt,  in  which  the  planets 
always  appear  to  move ;  this  belt  of  stars  contains  twelve 
Constellations,  which  are  called  the  signs  of  the  zodiac.  The 
sun  uUo  appears  to  us  to  make  a  complete  revolution  in  the 
heavens,  in  the  course  of  a  year,  through  the  different  con- 
btellations  of  the  zodiac  This  apparent  path  of  the  sun  in 
the  heavens  is  called  the  ecliptic;  the  constellations  of  the 
zodiac,  therefore,  mark  out  the  ecliptic  in  the  heavens.  The 
term  zodiac  means  animal^  and  this  apparent  path  of  the  sun 
was,  no  doubt,  so  called  on  account  of  the  names  given  to  the 
various  constellations  composing  it.  The  zodiac  is  divided 
into  twelve  signs,  to  correspond  to  the  twelve  months  of  the 
year.  The  following  table  gives  tlie  names  of  the  signs  of 
the  zodiac,  with  the  marks  or  symbols  which  are  put  for  them. 

NafMM  of  the  Signs  of  the  Zodiac. 


Aries    . 

•    the  Ram      .     , 

cp 

Taurus 

.     theBuU,    .     , 

-     U 

Gemini 

.    the  Twine    .     . 

.  n 

Cancer  • 

.    the  Crab      .     . 

.     G 

I^eo  >    • 

.    the  Lion .    .    . 

•     Si 

Virgo  . 

•    the  Virgin  •    < 

.   nj 

libra  .    • 

the  Baianee, 

,    ^ 

Scorpio     . 

the  Scorpion     . 

ni 

Sagittarius 

the  Archer  .     . 

/ 

Capricurnutt 

the  Goat      .     . 

'    Vf 

Aquarius  . 

the  Waterman, 

.   t& 

Pisces  .    . 

theFiehee  .    . 

>     H 

GENERAL   PRINCIPLES   OF  ASTRONOMT. 


0.  In  the  study  of  astronomy,  it  is  above  all  things  neces- 
sary that  we  should  reason  upon  appearances,  and  that  we 
should  allow  the  first  rude  notions,  derived  from  the  senses,  to 
be  corrected  by  the  judgment  As  these  remarks  are  essen- 
tial to  a  right  appreciation  of  our  methods  of  exposition,  it 
M'ill  be  instructive  to  elucidate  them  by  tal^g  one  or  two 
familiar  cases. 

The  cross  at  the  top  of  St.  Paul's  cathedral  appears  to  us  not  longer 
than  a  walking  stick,  whereas  its  length  is  reallg  greater  than  the  eleva- 
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tioii  of  an  ordinary  house.  Here,  by  taking  into  account  the  distance 
of  the  cross  from  us,  we  are  able  to  assign  a  reason  for  its  apparent 
smallncss.  In  precisely  the  same  way,  the  moon  appears  to  us  scarcely 
larger  than  a  man's  face;  but  when  we  consider  that  it  is  many 
thousands  of  miles  from  us,  we  should  be  prepared  for  adopting  the  fact 
that  it  is  a  world  not  muck  smaller  than  the  earth  on  which  we  live. 
In  like  manner,  we  should  be  led  to  expect  that  the  planets,  which, 
owing  to  their  still  greater  distances  from  us,  appear  like  Uttle  ^^^^  ^^ 
light,  are  in  reality  vast  globes^  many  of  which  are  considerably  larger 
than  our  eartli. 

When  we  are  moving  in  a  railway  eaniage,  we  should  from  appear- 
ances believe,  if  our  reason  did  not  oonect  this  belief,  that  the  houses 
and  trees  were  moving,  and  that  we  were  sitting  still*  In  like  manner, 
wc  should  be  prepared  to  question  the  truth  of  the  first  impression  of 
our  senses,  when  wc  are  led  to  imagine  that  the  whole  of  the  heavens 
turn  round  us  in  every  twenty-four  hours,  and  to  ask  ourselves,  **  Is  it 
not  more  rational  to  suppose  that  this  apparent  motion  is  produced  by 
the  actual  rotation  of  our  earth  itself? "  The  science  of  astronomy  has 
established  many  jxinciples  which  are  at  varianoe  with  the  first  rude 
notions  derived  from  mere  appearances  :  the  following  general  prindpleB 
deserve  especial  attention :  — 

Our  earth  has  the  form  of  a  globe ;  it  turns  or  spins  round 
upon  its  axis  every  twenty-four  hours,  and  thus  gives  rise  to 
the  apparent  diurnal  or  daily  motion  of  the  heavens ;  it  also 
moves  round  the  sun,  in  the  course  of  a  year,  which  occa- 
sions the  apparent  motion  of  the  sun  in  the  ecliptic  The 
planets  are  worlds  like  our  own ;  and  they,  together  with  our 
earth,  revolve  round  the  sun  as  the  common  centre  of  attrac- 
tion, in  different  paths  or  orbits ;  they  also  derive  their  light 
and  heat  fiHom  it  The  sun,  with  all  the  planetary  bodies 
.which  move  round  it  as  a  centre,  is  called  the  solar  system. 
The  fixed  stars,  which  are  at  immense  distances  from  us,  are 
suns,. with  their  respective  systems  of  unseen  worlds  revolving 
round  them,  probably  similar  to  the  solar  system. 
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BOLAR  SYSTEM. 

10.  The  solar  system  consists  of  the  sun,  in  the  centre, 
round  which  all  the  planetary  bodies  revolve. 

The  leading  planets  move  round  the  sun  from  west  to  east, 
in  ncj^ly  circular  orbits  or  paths,  lying  nearly  in  the  same 
plane,  or  flat  surfiuse,  that  is,  in  the  plane  of  the  ediptic,  and 


Fig.  S.    SoUff  System. 

rotate,  or  spin  round  on  their  axes,  in  &e  same' Erection. 
Some  of  the  planets  have  moons  or  satellites  revolving  round 
them.  The  names  of  the  planets,  in  the  order  of  their  dis* 
tances  from  the  sun,  are  Mercury,  Y^nus,  the  Earth, 
Mahs,  Jupiter,  Saturn,  Uranus,^ and  Neptujj^  ;  together 
with  ten  small  planets  called  Asteroids,  or  little  star?<,Avhich 
move  in  orbits  lying  between  'Mars  and  Jupiter.     These  are 
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cMed  primary  planttt;  Ihere  are  also  20  moons  or  aatellites, 
wiiii^h  are  called  ucondary  planeit,  because  tbey  revolve  round 
their  respective  primaries  in  the  same  nuumer  as  the  latter 
revolve  round  the  sun.  The  moon  is  the  satellite  to  the 
earth :  it  completes  a  revolution  round  the  earth  in  tlie 
course  of  every  lunar  month.  Jupiter  has  four  salelliles, 
Saturn  eight,  Uranus  six,  and  Neptune  one.  Besides  these, 
lliere  is  another  order  of  bodies,  which  revolve  round  the  £ciii 
called  cojaett ;  they  have  blazing  trails,  and  move  in  very 
eccentric  orbits. 

The  salai  syBtem,  as  jiut  described,  was  first  taught'  Yrj  FythagOTas, 
«n  eminent  Greek  pbilosopber,  who  lived  about  £00  years  beihre  the 
time  of  Cluut.  But  it  was  Boon  after  disregarded,  and  various  false  Bye- 
tents  were  twight  in  ita  place,  until  about  300  yen*  ago,  when  Coper- 
nicus rerived  tbe  true  Bystem  which  bad  borai  diKOvoed  by  the  great 
Fythagoras. 

The  planets,  with  tbe  otbcr  botiUes  eomposiag  the  loUr  system,  will  be 
more  fully  described  after  we  lisve  ooDBideRd  the  dlfikent  nutionB,  &c., 
of  tbe  earth  and  tlie  moon. 


THE  EARTH  AND  ITS  MOTION. 

FORH  AKD   BIZE   OF  THE  EARTH. 

11.  The  earth  has  the  form  of  a  globe;  that  ib,  it  is  like 


Fig.  4.    The  Earth  in  Space. 


3G4  NATURAL   AND   EXPERIMENTAL   PHILOSOPHY. 

a  Uall  or  orange.     This  is  proved  bj  yariotts  facts ;  the  fol- 
lowing are  given  as  being  the  most  simple. 
Navigators  have  sailed  round  the  earth. 

If  a  ship  m3  constantly  in  the  same  general  direction,  either  eastward 
or  westward,  slie  will  aniye  at  the  same  place  from  which  she  set  out. 
Now,  if  the  euth  were  an  unboanded  plain,  or  flat  aurfiioe,  the  fiurther 
the  ship  sailed,  the  fiffther  she  would  get  from  the  point  of  departure. 
Magellan  was  the  first  mariner  that  sailed  round  the  world,  but  Colum- 
bus was  the  first  that  made  the  attempt. 

The  earth,  then,  is  a  great  globular  mass  of  matter,  without  any  fixed 
point  of  support;  fornaTigaton  and  traTeUen  have  cztMsed  it  in  all 
directions,  and  no  such  point  has  ever  been  seoi. 

The  hull  of  a  vessel  disappears  as  she  leaves  the  shore. 

Wlien  a  vGssd  leaves  the  shore^  at  a  little  distance,  a  portion  of  the  hull 
is  ol)scrved  to  disappear;  a  little  farther,  the  hull  is  lost  to  the  sight ; 
at  a  greater  distance^  the  lower  sails  disappear ;  until  at  length,  only  the 


Fig.  5.    Rotundity  or  Roundness  of  the  Barth. 

upper  sails  arc  seen  in  the  horizon^  or  the  line  where  the  earth  and  sky 
appear  to  meet.  But  if  we  now  ascend  a  high  tower,  we  should  get 
sight  of  the  hull  again.  Now,  if  the  earth  were  a  flat  surfrMse^  we  should 
always  see  the  hull  at  the  same  time  that  we  see  the  topsails. 

The  earth  always  appears  of  a  circnlar  slu^M^ 


The  rotundity  or  roundness  is  such,  that  a  man  mx  feet  high,  standing 
upon  the  sea  shore,  would  see  a  little  boat  when  its  distance  from  him 
does  not  exceed  three  miles ;  but  if  he  were  derated  twenty-four  feet, 
the  boat  would  be  seen  at  the  distance  of  mx  nuks ;  and  if  he  were 
elevated  fifty-lbur  feet,  the  boat  would  be  seen  at  the  distance  of  twenty- 
seven  miles ;  and  so  on :  the  distance  at  which  the  boat  would  be  seen 
increasing  'with  the  deration  of  the  observer.  In  all  these  cases,  the 
man's  view  is  bounded  by  a  circular  horizon,  Nc^,  there  is  no  body  but 
a  i;lobe  that  will  always  eppeor  of  a  circular  shape  when  viewed  at  dif- 
fi^rcnt  distances. 
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Fig.  6.    A  Olobe  alitajr*  appran  round. 

At  wh>tp«T  du,unce  I  look  at  this  little  %\tW,  it  alwayi  appcuv  to 
bive  &  circular  ahaiie ;  and  mmaiTeT,  the  faitUcT'  it  U  remorcd  from  my 
eje^  the  greater ia  tha  extent  oruiriace  that)  tec  l\x.  Qreen,  when  lie 
goes  up  with  hia  balloon,  will  see  more  of  the  enrtb'i  surface  than  wc 
con,  eren  though  we  should  be  on  thetopof  Richmond  Hill;  andwhat- 
ercr  maj  be  hia  height  above  the  earth's  auriace,  he  will  always  find  that 
it  preaenta  a  circular  shape.  When  be  has  attuned  hit  ptMW.  clera- 
,  tion,  the-largest  hills  and  trees  will  aifiear  to  him  just  like  the  little 
irregularities  which  we  see  upon  the  lurfkce  <^  an  orange. 


Fig.  7.    The  Earth  always  ^fwan  round. 
THE   DI&UETER   OF   THE    EiLRTH. 

12.  The  diameter,or  line  pa-^siog  tbrough  ihe  centre  ot  llto 
earlb,  is  about  8000  mile^ ;  und  lu  the  length  of  h  line  going 
rou^d  a  circle  u  a  little  more  than  three  times  llie  diameter, 
it  fallows  tbnt  the  length  of  a  line  going  round  the  earth,  or 
the  eireumfertnee,  is  about  25,000  miles.  A  railway  train, 
moving  wiltklhe  speed  of  50  miles  per  hour,  would  go  round 
the  earth  in  about  500  hour^  or  about  lliree  week*,  supposing 
there  were  no  obstructions  to  the  mo^on.  This  will  give  ua 
■oroe  idea  of  the  great  tise  of  the  earth. 
81* 
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DIURNAL  MOTION   OF  THE   EARTH. 

13.  The  earth  has  two  motions  —  a  diurnal  or  dailj  mo- 
tion upon  ltd  axis,  and  an  annual  or  yearly  motion  round  the 
sun ;  that  is,  it  turns  round  like  a  spinning  top,  and  at  the 
same  time  moves  round  the  sun.  ^ 

14.  Cause  of  Day  and  NighU  —  The  spinning  motion,  or 
revolution  of  the  carth^^pon  its  axis,  is  the  eause  of  day  and 
night  When  the  sun  shines  upon  our  side  of  the  earth,  it  is 
clay  with  us,  and  when  he  shines  on  the  opposite  side,  it  is 
night  with  us. 

If  you  hold  a  globe  or  orange  before  a  candle,  one  half  of  the  globe 
will  be  enlightened,  and  the  other  half  will  be  in  the  shade ;  and  if  tbe 
globe  be  turned  round,  every  portion  will  be  sucoessively  brought  within 
the  light  of  the  candle.  The  line  0/,  separating  the  light  and  shade,  ia 
called  the  circle  of  iUwnination*  Let  us  suppose  a  little  fly  to  be  fixed 
on  this  globe ;  then,  throughout  one  half  of  the  revolution,  the  creature 
will  be  in  the  shade,  and  throughout  the  otlier  half^  the  creature  will  be 
in  the  light.  When  the  fly  comes  on  the  circle  of  illumination,  it  will 
then  just  begin  to  see  the  candle ;  and  when  it  is  passing  out  of  the 
circle  of  illumination,  on  the  other  sidek  the  oandto  will  just  be  disap- 


i^.  8.    light  and  Shade. 

pearing  to  it ;  but  when  it  is  in  the  middle  of  these  two  points,  the  can- 
dle win  shine  directly  or  perpendicularly  over  it,  and  here  it  i;\ill  enjoy 
the  greatest  amount  of  ^ht  and  heat  from  the  candle.  80  it  Ir  \vith 
our  earth ;  the  sun  enlightens  one  half  of  the  earth  at  one  time,  the  other 
half  being  in  darkness.  .  When  a  place  just  comes  within  the  circle  of 
illuminaiion,  the  sun  then  begins  to  shine  or  rise  to  that  place  ;  azid  on 
the  contrary,  when  the  place  is  just  going  out  of  the  circle  of  illumina- 
tion, the  sun  will  be  disappearing  or  setting  to  that  place  T  and  midway 
between  these  two  lines  of  illumination,  the  sun  -will  shine  directly  over, 
or  perpendicularly  over  the  place,  and  then  it  will  be  noon  to  that 
place. 
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Nuw,  if  the  earth  were  standing  Btill,  one  half  of  it  would  have  per- 
petual day,  and  the  other  half  would  have  perpetual  night.  But  in 
order  that  the  whole,  or  nearly  the  whole,  of  the  earth  may  be  habitable, 
it  is  ordained  by  our  good  and  all-wise  Creator,  that  the  earth  should 
turn  round  once  every  natural  day,  so  that  every  portion  muht  enjoy,  in 
succession,  the  light  and  heat  of  the  sun.  This  motion  Vthe  earth  is 
called  the  diurnal  or  daily  motion. 

15.  But  how,  it  may  be  asked,  do  we  think  that  the  sun  and  stars 
move  from  east  to  west  ?  Just  in  the  same  way  as  when  we  are  in  a 
railway  carriage  we  believe,  if  our  reason  were  not  to  correct  the  belief, 
that  the  neaiett  trees  and  houses  have  a  motkni  eontrary  to  that  which 
we  really  haW 

In  order  to  illustrate  this  still  further :  let  a 

A  represent  an  object  capable  of  moving  ^^^    i    *"^>^ 

round  the  globe  E  F,  which  admits  of  turn-  /^         |  ^\ 

ing  on  its  axis  o.    First  let  the  object  A       /  3lkX      ^\ 

move  round  the  globe  in  the  direction  of  the    J  /% !  ^\V         \ 

arrow  shown  in  the  figure,  while  the  globe      f  T  "[  y?~   ""yA 

itself  remains  at  rest ;  the  object  at  A  will       \  ^T*^  / 

appear  in  the  horizon  to  a  spectator  at  E ;         \^  |  y^ 

but  as  the  object  moves,  it  will  appear  to  the  ^v.^  !  _^^ 

spectator  to  rise  higher  and  higher  above  the  i> 

horizon,  until  it  arrives  at  B,  when  it  will  Tig*  9. 

appear  in  the  zenith,  or  directly  over  the 

head  of  the  pcison.  Next  let  the  globe  turn  round  on  its  axis  o,  in  a 
direction  contrary  to  that  in  which  the  object  moved,  as  shown  by  the 
arrow  in  the  figure,  while  the  object  A  stands  still ;  the  apparent  motion 
of  the  object,  as  seen  by  the  spectator  at  £,  will  be  exactly  the  same  as 
before ;  thus,  when  the  globe  begins  to  revolve,  the  object  A  will  appear 
to  the  spectator  E  to  be  in  the  horizon ;  but  as  the  globe  turns  round, 
the  object  A  will  appear  to  rise  higher  and  higher  above  the  horizon, 
until  the  spectator  has  turned  round  to  F,  when  the  object  will  eppcar 
in  his  zenith,  or  directly  over  his  head.  Now,  if  the  globe  turned  round 
on  its  axis  without  any  jarring  motion,  or  without  any  jolting  or  shak- 
ing, 03  the  earth  really  docs,  so  that  our  spectator  might  be  altogether 
insensible  of  liis  own  motion,  then  it  is  plain  that  he  would  at  first  be- 
lieve that  the  object  had  moved  from  A  to  B,  that  is,  from  his  horizon  to 
his  zenith,  in  the  place  of  having  himself  moved  round  with  the  globe 
from  E  to  F.  Thus  the  npparefU  motion  of  the  heavens,  from  east  to 
west,  would  be  produced  by  the  itctual  rotation  of  the  earth  on  its  axis 
from  west  to  east. 

It  would  be  opposed  to  tlie  simplicitj  which  we  every  where 
observe  in  the  works  of  God,  as  well  as  at  variance  with  the 
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known  laws  of  mechanics,  to  suppose  that  the  san,  with  manj 
thousands  of  worlds,  most  of  which  are  vastly  larger  than  our 
own,  should  move  round  our  globe  once  in  every  day,  when 
the  same  end  oould  be  served  by  our  earth  simply  turning  on 
its  axis.*     • 


XIKCa    UPON   THE   GLOBE. 


16.  The  earth,  then,  makes  a  complete  revoluiioi^  every 
day  \  the  line  abou^  which  it  turns  is  called  the  aacis  of  ike 
earth  ;  and  the  points  where  this  imaginary  axis^erces  the 
earth*s  surface  are  called  the  poles  ;  there  are,  tlierefure,  two 
poles,  the  one  being  called  the  north  pole^  the  other  the 
$oulh  pole.  *If  a  line  be  drawn  round  the  earth,  every  where 
at  the  same  distance  from  the  two  poles,  it.  will  form  the 
equator, 

-If  you  spin  a  glabe  upon  its  axis,  joa  will  find  that  the  line  which  we 
call  the  equator  has  the  quickest  motiKKw  and  that  the  poles  are  the  only 


aovOi  Ale. 

Fig.  10.    The  t^lobe. 

•»  * 

points  on  the  surflBUie  of  the  globe  which  have  no  motion.    In  this  figure, 

N  S  represents  the  axis  of  the  earth,  N  the  north  pole,  S  tKe  south  pole, 

£  Q  the  equator. 

*  The  rotation  of  the  earth  has  recently  been,  proved  by  an  experiment 
with  a  long  pendulum. 
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The  equator,  therefore,  divides  the  earth  into  two  equul 
\iAvts ;  the  portion  £  N  Q  is  called  the  northern  hemisphere, 
or  half  sphere ;  and  the  portion  £  Q  S  is  called  the  southern 
hemisphere.* 

Circles  upon  the  globe  are  divided  into  360  equal  parts, 
and  each  part  is  culled  a  degree.  A  semicircle,  or  half  circle, 
will  contain  180  degrees,  (180^.)  A  quadrant,  or  quarter 
circle,  will  contain  90  degrees,  (90**.)  The  distance  of  the 
equator  from  either  of  the  poles  will,  therefore,  contain  90®. 

LATITUDE   AND   LONGITUDE. 

.  17.  A  line  drawn  between  the  north  and  south  poles  is 
called  a  meridian^  because,  when  any  meridian  is  opposite  to 
the  sun,  it  is  midday,  or  noon,  to  all  places  og  that  line. 
These  circles  will  all,  evidently,  lie  due  north  and  south. 
Meridian  lines  are  also  called  lines  of  longitude.  The  merid- 
ian passing  through -Greenwich  is  called  the  first  meridian,  or 
the  one  to  which  the  position  of  all  the  others  is  referred. 

18.  The  longitude  of  a  place  is  its  distance,  in  degrees, 
east  or  west,  from  the  first  meridian.  Thus  America  has 
west  longitude,  whereas  Asia  and  Africa  have  east  longitude. 

19.  The  latitude  of  a  place  is  its  distance  from  the  equa- 
tor. AH  places  in  the  northern  hemisphere  have  north  lati- 
tude ;  and  on  the  contrary,  all  places  in  the  southern  hemi- 
sphere have  south  latitude.  Thus  a  place  midway  between 
the  equator  and  north  pole  will  have  45^  north  latitude; 
whereas  a  place  midway  between  the  equator  and  the  south 
pole  will  have  45°  south  latitude.  London,  being  51i^  from 
the  equator,  has  51i°  north  latitude. 

20.  Lines  drawn  round  the  earth  parallel  to,  or  even  with, 
the  equator,  are  called  parallels  of  latitude.    These  lines  are 

*  In  gi)[ing  these  lessons,  it  is  desirable  that  the  teacher  should  be  pro- 
vided with  a  small  white  globe,  having  a  rod  passing  through  it  to  represent 
the  axis  of  the  earth,  and  having  also  all  the  essential  lines  upon  the  terrcs- 
trial  gl'tbc,  painted  in  strong  black  lines. 
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caDed  imtt^"'"^'  because  they  are  less  than  the  great  circles^ 
,2JitJcs  which  divide  the  globe  into  two  equal  pArts,  like  the 
Moator.  The  use  of  parallels  of  latitude  is  to  point  out 
nisces  that  hare  the  same  latitude  or  distance  from  the  equa- 
tor. Tbe  latitude  of  a  phice  will  obviooslj  be  measured  upon 
the  meridian  passing  through  the  place. 

jl.  In  Older  to  fix  the  exact  position  of  a  place,  we  must  ha^e  its 

»^nrr  tioia  two  known  lines.    Thus  my  pibdtion  in  this  room  will  be 

vg^ini  when  I  tell  you  that  I  am  twelve  feet  irdm  the  wall  in  front  of 

QM^  and  ten  feet  from  the  wall  to  the  zight  of  me.    So  it  is  with  reqtect 

to  the  earth ;  when  we  know  the  distance  of  a'  place,  north  or  souUi, 

^^jo  the  equator,  and  at  the  same  time  Its  distance,  east  or  west,  from 

tlie  first  meridian,  the  position  of  that  place  becomes  known.    A  merid- 

jjm,  drawn  through  a  place,  will  cut  the  equator  in  a  certain  point,  the 

^fitgDOt  of  which  from  the  first  meridian,  measured  in  degrees  on  the 

eqoatar,  will  give  the  longitude  of  the  place ;  and  the  distance  of  the 

place  from  thc^uator,  measured  in  degrees  upon  the  meridian,  ynSX  give 

t]ie  latitude.    Thus,  if  the  meridian  passing  through  the  place  lies  23^ 

to  the  east  of  the  first  meridian,  then  the  place  will  have  23^  east  Imigi- 

lode;  and  if  the  place  be  iO^  north  from  the  equator^  the  latitude  Will 

1^  40^  north. 

22.  Because  the  earth  turns  once  on  its  axis  from  west  to  east,  or  de- 
g^ibes  360  degrees  in  the  course  of  twenty-four  hours,  it  followB  that 
the  twenty-fourth  part  of  360^,  or  15°,  will  be  turned  round  every  hour. 
A  plao^  therefore,  having  16^  east  loogitttde,  will  have  noon  one  hour 
\gigQ  us  \  and  a  place  having  16°  west  kmgitnde  will  have  noon  one 
]K>ttr  after  us.  In  general,  we  must  allow  an  hour  as  the  difference  of 
time  between  any  two  places  for  every  15°  difference  of  longitude. 
Thus  Alexandria  has  30°  east  longitude ;  consequently  as  many  times 
gs  15°  can  be  taken  out  of  30°,  so  many  hours  will  the  people  of  this 
ijttf  have  noon  before  us  in  London;  that  ia,  their  noon  will  take  place 
tiro  hours  beforc  our  noon. 

23.  By  this  means,  seamen  are  enabled  to  find  their  longitude :  sup- 
pose, for  example,  that  the  pointer  of  the  clock  which  they  take  with 
them,  keeping  Greenwich  time,  should  be  at  nine  o'clock  in  the  mom- 
ijig,  when  it  is  noon  to  the  place  of  observation ;  then  the  difference  of 
time  being  three  hours,  the  difference  of  longitude  will  be  three  times 
15^,  or  45°  ;  but  as  the  place  of  observation  has  noon  before  us,  it  will 
jonsequenUy  have  45°  east  longitude.  ^ 

24*  As  the  length  of  the  parallels  of  latitude  become 
shorter  and  shorter  as  they  approach  the  pole,  it  fbllows  that 


I 


A8TB0M0UT.  371 

a  degree  o{.  longitude,  estimftted  on  anjr  parallel  of  latitude,  is 
Hhorter  than  a  degree  on'  the  equator.  This  princq>le  is  ob- 
terred  in  the  construction  of  maps. 

THE  TH0PIC9   AKD    ECLIPTIC. 

25.  If  the  sdn  were  alwajs  shining  perpendicnlarl;  over 
the  equator,  aa  in  Fig.  11,  tbe  length  of  the  day  and  night 
would  always  be  equal  all  over  the  glohe.  The  sun  baa  this 
position  at  the  commencement  of  our  spring  and  autumn,  that 
ia,  oa  tbe  2l8t  of  March  and  on  the  22d  of  September. 


riff  11.    The  San  in  S^ing  and  jiutvnm. 

Owing  to  caWM  which  will  aAfrwards  be  explained,  ws  And  thm 
during  oui  midaanuaei  day,  the  nin  shinei  papeadicnlaTly  over  a  Una 
c  V,  -going  immd  the  earth  SSI"  on  tbe  narthem  ade  of  the  equator. 
(See  Figs.  II,  12.)  Thia  line  ta  caUcd  (Aa  tnpie  of  Canoo-,  beeaiiM 
the  auu  'kj^aais  to  14  at  this  time,  airwngat  a  ootain  gtnip  of  nan 


Fig.  13.    Ti»  Bon  i 

called  the  comitellsBon  of  Cancer,  or  the  Crab.  Now,  aa  the  sun  eii- 
. "  liRhtm'  one  half  qf  the  globe  at  one  time,  it  foUowa  that  Tiia  light  must 
e«»id  ■l'S\°  orer  tbe  north  {wit,  tbht  is,  to  the  point  e  in  the  figiite,  and 
a  line  »  d,  drawn  round  the  earth  paiaUeL  to,  ar.eren  witl^  the  equstiir, 
il  called  the  arcUi  drtU. 
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\kt  mannw,  dnring  our  nudwinUr  iaj,  («ea  F!g.  13,)  tke  ran 
a  fiDa  f  A  tH"  M  tiH  mill  ada  of  Oe 


-*ai 
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rqiiatm;  thU  line  U  caU^  the  Iropie  of  Caprieont,  beeanae  tbe  son 
uppran  to  U8,  at  this  time,  amongst  k  group  of  Gtan  called  the  cnnslella- 
(iun  of  Capriconi,  or  the  Goat  j  and  the  line  ^g  in  tlie  figure,  diawn 
round  the  earth  at  tbc  distance  of  iSi"  from  the  louth  ptd^  ii  called  the 

If  ■  line  c  p  be  now  drawn  round  the  earth  between  the  trapes  df 
L'anccr  and  ('Apricom,  it  will  Ibnn  the  ecliptic  or  ajqannt  path  of  the 
Eun  ihiunghnut  our  ycai.  The  ecliptic  is,  xhat^foK,  inclined  to  the 
Eiiuator  ol  on  angle  of  23i°. 

THE    ZONES   ON   THE   E&RTn. 

2C.  To  mark  out  the  climates  upon  the  earth,  its  aur&ce  is 
divided  into  five  tones  or  belts.  The  porlion  lying  between 
tbc  tropics  of  Cttncer  and  Capricorn  is  called  the  torrid 
ziiM,  or  liot  zone ;  for  here  the  sun,  shining  almost  perpen- 
dii'ularly  upon  the  eartli,  will,  in  general,  cause  this  portion 
to  be  verj'  warm.  The  ))orlion  in  the  northern  hemi- 
sphere lying  between  the  tropic  of  Cancer  and  the  arctic 
circle  is  called  the  north  temperate  none;  and  the  corre- 
sponding portion  in  the  soullierTi  hemisphere, 'lying  between 
the  tropic  of  Capricorn  and.  the  antatctic  6ircle,  the  »vtiih 
temperate  zone.  The  surface  Within  the  arctic  circle  is 
called  (he  mirlh  frigid  sane,  and  that  within  the  airtsrclic 
circle^  tha- toittk  frigid  xone  ;  because,  from  the  slanting 
direction  with  which  the  sun's  rafs  -meet  the  surface  of  the 
earth  at  these  regions,  thej  are  found  to  be,  in  general,  very 
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27.  It  is  obvioiu  that  the  only  pUoet  on  the  earth  to  which  the  sun 
can  be  yerflcal  are  those  lying  within  the  torrid  zone ;  and  that  to  all 
such  places  there  can  be  but  little  variation  in  the  length  of  the  days. 
Whereas  within  the  frigid  zones  the  sun  will  shine  for  a  certain  series 
of  days  without  setting,  and  for  a  corresponding  number  of  days  he  will 
not  appear  above  the  horizon. 

28.  T!ie  elevation  of  the  polar  star  is  equal  to  the  latitude 
of  the  place. 

To  understand  this,  let  us  suppose  that  we  are  at  the  equator ;  then 
the  polar  star  will  be  in  our  horixon,  being  90^  from  our  zenith,  or  the 
point  over  our  heads.  Now  suppose  we  travel  1^  on  a  meridian  Une,  or 
directly  towards  the  north  pole,  then  the  polar  star  will  appear  elevated 
1^  above  our  horizon ;  by  travelling  2^,  the  polar  star  will  appear  ele- 
vated 2^  ;  half  way  between  the  equator  and  the  pole,  our  distance  from 
the  equator  will  be  46°,  and  then  the  polar  star  will  appear  to  us  elevated 
46°,  and  so  on.  Thus  it  is  that  the  devation  of  the  polar  star  gives  us 
the  latitude  of  the  place.  By  this  means  navigators  sailing  on  an  ex- 
panse ci  ocean  can  find  the  latitude  of  the  place  where  they  are. 

MEASUREMENT   OP  THE   EARTU. 

29.  The  same  courso  of  resigning  will  show  how  a  degree  on  the 
earth's  surface  is  measured.  At  London,  the  elevation  of  the  polar  star 
is  about  61i° ;  now  if  we  travel  due  north  until  we  find  its  elevation  to 
be  62^°,  we  shjlP  have  travelled  over  1°,  or  the  360th  pajt  of  the  earth's 
circumferenoaf  and  if  this  distiince  be  accuratel|r  mei«u|«(l,  it  will  be 
found  to  be  about  69|  miles,  wHiab  W  consequently  tb9  length  of  a  de- 
gree. The  wholfs  circumference  of  the  earth  will  th^relsre  be  about  360 
times  69i  miles,  or,  in  round  nun^bers,,  25,000  miles. 

It  must,  however,  be  observed,  (^iil  the  earth  is  not  an  exact  sphere,  for 
it  has  been  found  that  the  iMiytll  ^  a  decree  measured  towards  the 
poles  is  greater  than  it  is  at  the  af|Ha|vn';  thoeby  showing  that  the  earth 
is  a  little  flattened  at  the  poles,  so  that  the  diameter  passing  through  the 
equator  is  abdut  26  ntki  greattr  tiwa  Ibe  diamaltar  passbg  throqgh  the 
poles. 

Ali^KUAL  MOTION  OF  9BE  EARTH.  —  CAUSE  OF  TQS 

SBASQDfS* 

30.  Besides  the  spinning  motion  of  the  earth  upon  its  axis, 
we  have  siMd  that  it  okoves  itMind  the  sun  in  the  course  of  a 

32 
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yenr,  in  a  path,  or  orbit^  which  is  nearly  circular.     Thifl  an- 
nual motion,  combined  with  the  unchanging  direcliAi,  or 
alielism^  of  the  earth's  axis,  is  the  cause  of  the  seasons. 


Let  the  small  irlobe  be  csmed  round  a  candle  (corerad  with  a  gia« 
I'hade  about  the  same  rize  as  the  globe)  at  the  Mine  time  that  it  is  kept 
spinning  upon  its  axis ;  then  we  shall  baye  a  tolerably  oorreot  exlubitioa 
cf  the  tKtxfold  motion  of  the  earth,  txjs.,  its  dkamtU  at  daily  motioQ  on 
its  axis,  and  its  annual  motion  round  the  sun.  The  path  in  which  the 
globe  is  moved  will  represent  the  orM  of  the  earth,  and  a  levdi  or  even 
surface  going  through  this  path  will  reprsMnt  the  plane  of  the  earth's 
orbit.  Again,  let  our  little  globe  be  carried  round  the  candle,  with  its 
axis  perpendicular  or  upright  to  the  plane  of  the  orbit ;  then  it  win  ba 
seen  that  the  circle  on  the  globe  separating  the  light  and  ahnde  passes 
through  the  poles  throughout  the  whole  revolution ;  this  positum  of  the 
axis,  therefore,  will  not  account  lor  the  changes  of  the  seasons. 

Let  the  globe  be  now  carried  round  the  candle  with  the  axis  constantly' 
inclined  to  the  plane,  or  surfi^e  of  the  table,  at  the  same  angle;  then,  in 
every  position  of  the  flobe,  it  will  be  seen  that  the  axis  always  lies  ia 
the  same  direction,  or  that  it  is  always  parsUd  to  itwlt 
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Let  the  globe  have  the  position  s  in  the  figure,  where  the  axis  is  in- 
clined towardi  the  sun,  so  that  a  rod  extended  fiom  the  candle,  npie- 
seating  the  sun,  shall  be  perpendicular  to  the  tropic  of  Csnocr,  at  s  ,* 
then,  as  the  light  will  extend  over  90^  every  way  fiom  e,  the  ctrde  •  / 
which  separates  the  light  and  shade  will  pass  28^^  over  and  beyond  the 
north  pole;  and  therefore^  duzing  the  levohitioa  of  the  globe  on  its 
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the  whole  of  the  north  frigid  lone  will  be  enlightened,  and, on  the 
contiaiy,  the  whole  of  the  south  frigid  sone  will  be  in  darknees.  Li 
order  to  illustrate  this,  suppose  a  little  fly  were  placed  upon  the  arctic 
circle;  then  throughout  a  whole  revolution  the  creature  will  not  haye 
gone  without  the  light  of  the  candle;  and  on  the  contrary,  let  the  crea- 
ture be  placed  upon  the  antarctio  circle ;  then,  throughout  a  whole  rero- 
lution  it  will  not  have  come  within  the  light  at  all.  It  will  also  be  seen 
that  all  places  in  the  northern  hemisphere  will  be  longer  in  the  circle  of 
light  than  in  the  circle  of  darkness;  and  on  the  contrary,  all  places  in 
the  soathem  hemisphere  will  be  longer  in  the  circle  of  darkness  than  in 
the  circle  of  light ;  that  is,  in  the  foBrma  hemisphere,  the  day,  as  i^  our 
summer,  will  exceed  twelve  hours ;  whilst  in  the  latter  hemisphere,  the 
day  wiU  be  less  than  twelvis  hours.  Whereas,  exactly  on  the  equator, 
the  days  will  not  alter  in  their  length.  This  position  of  the  globe  cor- 
responds to  our  midsummer,  or  21st  of  June. 

Constantly  keeping  the  axis  pointing  in  the  same  direction,  let  the 
globe  be  brought  to  the  position  6  of  the  figure,  where  the  axis  neither 
inclines  to  the  sun  nor  from  the  son;  now  the  light  will  fall  perpendic- 
ularly on  the  equator ;  the  drde  separating  the  light  and  shade  v^  pass 
through  the  poles,  and  therdfare  the  days  and  nights  will  be  equal  all 
over  Uie  globe.  This  position  conesponds  to  our  autumnal  egmnox,  the 
22d  of  September,  or  to  that  time  in  autumn  when  the  length  of  the 
night  equals  the  length  of  the  day.  Still  keeping  the  axis  pointing  in 
the  same  direction,  let  the  globe  be  now  brought  to  the  position  q,  where 
the  north  pole  inclines  away  from  the  sun.  Here  the  revene  of  what  was 
observed  in  the  first  poation  e  will  now  take  place.  The  sun  wfll  shine 
perpendicularly  over  the  tropic  of  Capricorn,  and  the  southern  hemi- 
sphere will  enjoy  more  of  the  sun's  light  and  heat  than  the  northem. 
This  gpsition  corresponds  to  our  midwinter,  the  21st  of  December,  and 
then  our  days  will  be  at  their  shortest. 

Let  the  globe  now  be  brought  to  the  position  d  of  the  figure ;  then, 
here  again,  the  axis  neither  inclining  to  the  sun  nor  from  the  sun,  the 
days  and  nights  will  be  equal,  as  at  the  autumnal  equinox.    This  posi-  * 
tion  corresponds  to  our  vernal  or  apring  equinox,  the  20th  of  March. 

When  the  globe  is  brought  to  the  position  c,  it  has  made  a  complete 
revolution  in  its  orbit,  and  the  period  corresponds  to  our  natural  year,  or 
865  days,  6  hours,  48  minutes,  and  61  seconds.  Particular  attention 
should  be  given  to  the  circumstance  that  the  axis  of  the  globe,  through- 
out the  whole  revolution,  has  maintained  ita  paraUeliam. 

31.  While  the  earth  thus  performs  a  revolution  in  its  oibit,  the  sun 
will  appear  to  us  to  make  a  complete  revolution  in  the  heavens,  through 
the  different  constellations  in  the  zodiac  or  belt  of  stars.  Thus,  in  our 
midsummer,  the  son  will  be  referred  to  the  sign  c  or  ooDsteUation  of 
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Cancer ;  in  our  antanmal  equinox^  to  the  ilgn  of  Libra,  or  ^^^ ;  in  cmr 
midwinter,  to  the  sign  of  C^neomua,  or  Vf »  «nd  in  our  rernil  equinox* 
to  the  sign  of  Aries,  or  <p, 

32.  llius  the  changes  of  the  seasons,  as  weU  as  the  appai«nt  annual 
motion  of  the  sun,  are  perfectly  explained  by  supposing  the  earth  to 
more  round  the  sun;  But  why,  it  may  be  asked,  do  we,  in  opposition 
to  the  first  imprasian  of  our  senses,  believe  that  the  earth  move^  instead 
of  the  sun  }  Just  for  the  same  reason  that  'We  infer  that  the  eppareni 
diurnal  revolution  of  the  sun  round  the  earth  is  produced  by  the  actual 
rotation  of  the  earth  on  its  axis  in  every  twenty-four  houn. 

33.  The  distance  of  the  earth  fiom  the  sun  is  about  ninety-five  mfl- 
lions  of  miles.  In  order  to  form  some  oonccpdon  of  this  immense  difr> 
tance,  let  us  suppose  a  body  to  move  from  the  earth  to  the  sun  with  the 
t^peed  of  one  of  our  railway  carriages,  (60  miles  per  hovr ;)  then  it  would 
take  about  220  years  to  anive  fit  the  son. 


I 


THE  MOON.  • 

84.  The  diameter  of  the  moon  ts  ftboul  2D00  tniled,  or 
nbout  one  fourth  the  diameter  of  the  earth ;  she  performs  a 
revolution  round  the  earth  in  27  days,  7  hours,  43  minutes,  in 
an  orbit  whose  radius  is  about  240,000  miles,  or  about  CO 
times  the  earth's  radius^  The  moon  always  presents  the 
same  fa^e  to  us ;  hence  it  follows  that  she  must  tiirn  round  on 
her  axis  in  the  same  time  that  she  revolves  round  the  earth. 

MOUNTAINS    AND    CAVITIES    ON   THE   MOON. 

85.  When  the  moon  is  viewed  through  a  telescope,  various 
^pots,  of  different  degrees  of  brightness  and  depth  of  shade, 
are  olwerved  on  her  surface.  The  darkest  portions  are  caused 
by  deep  cavities  and  valleys  ;  those  of  a  lighter  shade  by  the 
shadows  of  high  mountains ;  and  the  brightest  spots  are  the 
illuminated  tops  of  the  mountains,  which  look  like  the  craters 
of  volcanoes. 

The  heights  of  numy  of  the  mountains  on  the  moon  hate  been  calcn- 

latcd  from  the  lengths  of  the  shadows  which  they  cast.    The  loftiest  of^ 

*  them  are  about  two  miles  high.    The  moon  has  no  douds,  nor  have  any 

decided  indications  of  an  atmosphere  been  observed.    It  therefore  aeema 

improbable  that  living  beings,  such  as  we  are,  can  exist  there. 
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The  Earl  of  Rcmm^  who  has  lecently  oompleCed  another  teleioope*  the 
largest  ever  made,  alluded,  at  a  late  meeting  in  London,  to  its  effectP. 
He  said  that,  with  respect  to  the  moon,  every  okject  on  its  surface  of  100 
feet  in  height  was  now  distinctly  to  be  seen ;  and  he  had  no  doubt, 
under  very  favorable  drcumstances,  it  would  be  so  with  objects  60  lieet  in 
height  On  its  surface  were  craters  of  extinct  volcanoes,  rocks,  and 
masses  of  stones,  almost  innumerable.  There  were  no  signs  of  habitations 
such  BB  ours :  no  vestiges  of  architecture  remain  to  show  that  the  moon 
is  or  ever  was  inhabited  by  a  race  of  mortals  similar  to  ourselves.  It 
presented  no  appearance  which  could  lead  to  the  supposition  that  it  con- 
tained any  thing  like  green  fields  and  the  lovely  verdura  of  this  beautiful 
world  of  ours.  There  was  no  water  visible  —  not  a*  aea  or  a  ifver :  all 
seemed  desolate. 


PERIODICAL   AND   STNODICAL   MONTH. 

36.  Like  the  sun  and  planets,  the  moon,  in  consequence  of 
her  revolution  round  the  earth,  has  an  apparent  motion  from 
west  to  east  among  the  stars  of  the  zodiac.  Her  motion 
among  the  stars  is  so  rapid  that  it  may  be  readily  perceived 
by  a  few  hours'  observation  on  any  moonlight  night.  As  al- 
ready stated,  she  makes  a  complete  revolution  in  the  heavens, 
in  27  day?,  7  hours,  43  minutes  ;  that  is  to  say,  she  takes  this 
time  in  passing  from  a  star  to  returning  to  the  same  star  again : 
this  is  called  her  periodical  month  ;  but  the  time  from  new 
moon  to  new  moon  again  is  rather  longer  than  this,  in  conse- 
quence of  the  motion  of  the  earth  in  its  orbit.  The  time  be- 
tween every  new  moon  is  29  days,  12  hours,  44  minutes :  this 
is  called  the  synodical  month. 

Let  S  (Fig.  16)  represent  the  sun ;  £  the  earth ;  A  B  apart  of  its  orbit ; 
M  C  the  orbit  of  the  moon  round  the  earth ;  M  her  position  at  new  moon, 
which  is  in  a  line  drawn  firom  the  earth  to  the  sun.  Now,  if  the  earth 
had  no  motion,  the  moon  would  move  round  in  her  orbit  and  return  to 
the  position  M  in  a  periodic  month ;  but  while  the  moon  is  describuog  a 
revolution,  the  earth  will  have  moved  over  about  the  twelfth  part  of  its 
orbit,  suppose  Attn  £  to  «.  The  moon  will  then  be  at  fi,  where  e  n  is 
drawn  parallel  to  E  M,  and  she  must  therefore  move  over  an  additional 
portion  n  m  of  her  oibit  before  she  comes  again  in  the  line  e  S  joining  the 
earth  and  the  sun.  This  additional  portion,  being  about  the  twelfth  part 
of  her  whole  orbit,  occasiona  the  time  of  the  synodical  resolution  to 
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exceed  the  periDcBcal  bj  nrther  man  than  two  days.    This  is  irafl  fflns- 
trated  by  tiie  nktiye  motiana  of  the  hour  and  nanafte  handsttf  a  watch : 


Fiff,  16«    Periodical  and  Synodical  Month. 

at  12  o'clock  the  hands  are  together,  bnt  before  they  can  come  together 
again  the  minute  )iand  must  more  oyer  a  whole  rerolutloa  and  rather 
more  than  the  twdfth  part  of  another  ona 


THE  moon's   phases. 

37.  The  sun  always  enlightens  one  half  of  th6  moon ;  but 
ns  her  enlightened  hemisphere  is  always  directed  towards  the 
sun,  she  presents  different  phases  of  illumination  to  us  as  she 
moiTs  in  her  orbit.  Sometimes  we  see  the  whole  of  her  en- 
li^^htcned  disk,  sometimes  only  a  small  portion  of  it,  and  at 
o'.her  times  none  at  all. 

liOt  £  represent  the  earth ;  (sec  Fig.  16 ;)  S  the  sun ;  and  a,  h,  e,  d,  e, 
/,  (7,  A  the  moon  in  different  parts  of  her  orbit,  having  her  enlightened 
liomiFphcrc  always  turned  towards  the  sun.  The  little  circles  outside 
of  the  line  representing  the  moon's  orbit  show  the  moon's  faces  at  the 
respective  positions,  as  seen  by  an  observer  on  the  earth. 

When  the  moon  ii  at  a,  in  a  line  wiUi  the  earth  and  the  sun,  the  dark 
face  of  the  moon  is  turned  towards  the  earth ;  the  moon  is  then  at  her 
changet  or  she  is  called  new  moon*  She  is  also  at  this  time  in  an^fundum 
ynih  the  sun. 

At  6  a  small  portion  of  her  enlightened  hemisphere  is  turned  towards 
the  esrth,  and  she  then  appears  homed. 

At  e-oae  half  of  her  enlightened  hemisphere  is  tumed  towaida  t]|^ 
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earth,  land  she  tton  appears  as  haifmoon.    This  takea  place  at  the  end 
of  her  furtt  quarter,  at  at  her  quftdratwres. 

At  d  about  three  quarters  of  her  enlightened  hemisphere  is  yisible  to 
us,  and  she  is  then  said  to  be  gibbouB, 


€ 
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At  0,  when  she  has  completed  one  half  of  her  revolution,  the  whole 
of  her  enlightened  hemisphere  is  vihiblc  to  us,  and  she  is  ihsnfuU  moon. 
In  this  position  slie  is  said  to  be  in  oppositi  n  to  the  sun.  If  the  plane 
of  the  moon's  orbit  had  exactly  coincided  with  that  of  the  earth's,  slie 
would  have  been  invisible  to  us  at  this  period,  for,  in  this  cose,  the  earth 
would  have  obstructed  the  sun's  light ;  but  it  so  happens,  that  she  is 
mostly  cither  above  or  below  the  line  connecting  the  earth  and  the  sun, 
and  hence  it  is  that  we  usually  see  the  whole  of  her  enlightened  face. 
This  will  be  better  undentood  when  we  come  to  consider  the  subject  of 
eclipses. 

At  /  she  is  gibbous,  at  g  half  moon,  at  h  homed,  and  at  a  she  again 
becomes  invisible. 


ECLIPSES. 

38.  An  eclipse  of  the  son  is  called  a  Molar  eclipse,  and  that 
of  the  moon  a  lunar  eclipse.  When  the  moon  comes  between 
the  earth  arii^  the  sun,  his  light  is  obstructed,  and  an  eclipf^e 
of  the  sun  is  produced ;  and  an  eclipse  of  the  moon  takes 
place  when  the  earth  is  between  the  sun  and  the  moon.  Hence 
it  is  tbat  edipees  of  the  moon  can  only  occur  at  her  ftiU,  or 
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when  ihe  is  in  oppatiiumy  and  edipees  of  the  son  at  her  change, 
or  when  she  is  in  eonjuoction ;  moreoyer,  the  three  hodies  must 
be  in,  or  nearly  in,  the  same  straight  line. 

Now,  if  the  inooa*t  oitit  were  in  the  same  plane  aa  the  ediptie  or  path 
of  the  eazth,  then  the  aun  would  be  ecKpiwd  at  eroy  new  moon,  and  the 
moon  would  be  edipaed  at  erery  full  moon.  But  as  her  ofbit  ia  a  little 
inclined  to  the  earth's,  ahe  ia  mostly  either  abore  the  ecliptic  or  below  it 
when  she  is  in  oppositkin  and  ocxgunction.  The  points  where  the  moQii*a 
orbit  cuts  the  plane  of  the  ecliptic  are  called  the  noiea;  henoe  it  fidlows 
that  eclipses  can  only  tske  place  when  the  moon  happens  to  be  in  or 
near  one  of  the  nodes  at  the  moment  ahe  ia  in  oppoaitioa  or  oonjunctioii. 
In  the  course  of  a  year  there  may  be  aeven  edipses  of  the  sun  and 
moon  —  five  of  the  sun  and  two  of  the  moon,  or  four  of  the  sun  and 
three  of  the  moon.  Lunar  and  aolar  edipaei  differ  Tery  much  from 
each  other  in  certain  reapeets :  a  lunar  ecHpae  may  be  aeen  at  the  same 
time  by  all  perBons  to  whom  the  moon  is  TisiUe,  wheneas  a  aolar  eclipse 
may  be  aeen  by  one  peraon  and  not  by  another ;  again,  an  eclipse  of  the 
sun  can  nerer  last  more  than  eight  minutei,  whereas  an  ediqfMe  of  the 
moon  frequently  continues  for  more  than  two  hours. 

39.  Eclipse  of  the  moan.  —  If  the  whole  disk  or  face  of 
the  moon  is  immersed  in  the  shadow  cast  by  the  earth,  then 
the  eclipse  is  said  to  be  total ;  and  the  eclipse  is  said  to  be 
partial  when  only  a  part  of  the  disk  is  obscured. 


Fig.  17.    Total  Eclipae  of  the  Moon. 

In  Fig.  17  a  total  eclipse  (^  the  moon  is  shown ;  S  represents  the  sun ; 
£  €  the  earth ;  A  B  the  moon's  orbit  round  the  earth ;  £  s  Y  the  conical 
shadow  cast  by  the  earth ;  M  the  dark  body  of  the  moon  totally  im- 
mened  in  this  shadow. 

It  is  always  observed  that  the  edge  of  the  earth's  sh^jtew  on  the  face 
of  the  moon  is  circular ;  now,  this  proves  that  the  earth  is  a  globe,  fat  no 
body  but  a  globe  will  always  cast  a  circular  shadow.  Take  an  orange 
and  hold  it  on  a  level  with  the  flame  of  a  candle ;  observe  the  shadow 
which  ia  cast  upon  a  aheet  of  paper  held  at  different  ^*tfln<*f9  from  the 
orange. 
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40.  Eclipie  of  the  sun.  —  A  total  eclipfiife  Of  tbe  snn  taked 
place  at  that  part  of  the  earth's  surface  which  is  immersed 
4n  the  moon^s  shadow. 

Fig.  18  represents  a  total  eclipse  of  the  sun ;  where  S  represents  the 
sun ;  £  a  the  earth ;  A  B  the  moon's  orbit ;  M  the  moon  exactly  in  a 
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hue  bet^'oen  the  sim  and  the  earth ;  cnao  the  moon's  shadow  cast 
upon  a  small  portiqp  of  the  earth  at  a  o ;  this  dark  shadow  is  called  the 
umbra.  The  sun  'will  appeal  totally  eclipsed  to  persons  living  within  a  o; 
but  to  persons  living  without  this  portion,  that  Is,  between  a  o  and  E  «, 
the  sun  will  be  visible.  Between  a  o  and  b  r  the  sun  will  be  partiaUy 
obscured :  this  portion  of  the  shadow  ia  called  the  fienumbrot  because  it 
is  not  so  dark  as  the  umbra,  or  the  portion  in  the  full  shadow. 

Within  the  umbra,  therefore,  a  total  eclipse  takes  place ; 

whereas  within  the  penumbra  the  sun  is  only  partially  eclipsed. 

•  41.  Aniiular  eclipse,  —  If  the  conical  f^hadow  of  the  moon 

does  not  reach  the  earth,  then  nn  annular  eclipse  will  ttakc 


«^^ 


S^  V 


••"••«. 


Tig,  19.    Annular  Eclipse. 


place  to  all  persons  immediately  below  the  Tertex  of  the 
moon*s  shadow ;  that  is,  the  moon  will  appear  like  a  black  spot 
upon  the  sun,  surrounded  by  a  ring  of  light. 

Here  the  vertex  of  the  moon's  conical  shadow  does  not  reach  the  earth 
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at  o ;  w  that  a  atmetiUir  at  aynH  tee  the  moon  like  a  daik  ^ot  nea^ 
ooTcring  the  ion's  dkk. 


THE  SUN  AND  PLANETS. 

42.  Having  deseribed  the  motions  of  the  earth  and  the 
moon,  we  shall  now  treat  of  the  sun,  with  the  other  bodies 
composing  the  solar  system. 

43.  The  planets  are  opaqae  bodies ;  that  is  to  saj,  thej  do 
not  emit  any  light  of  their  own,  but  merely  shine  with  the 
light  borrowed  from  the  san.  This  is  proved  by  means  of  the 
telescope,  which  shows  that  the^  present  faces  similar  to  the 
moon's,  having  their  enlightened  sides  always  turned  towards 
the  sun. 

44.  The  planets  are  divided  into  inferidp  and  superior: 
those  which  revolve  within  the  earth's  orbit  are  called  inferior 
planets^  and  those  which  revolve  without  it  are  called  superior 
planets.  Thus  Mercury  and  Venus  are  inferior  planets,  and 
Mars,  Jupiter,  Saturn,  Uranus,  and  Neptune,  together  with 
the  Asteroids,  are  superior  planets.     (See  Fig.  3.) 


APPA^Bin^   MOTIONS    AND    APPEABANCES    OF   THE    PLANETS 

EXPLAINED. 

45.  Viewed  from  the  sun,  as  the  great  centre  of  the  solar 
system,  the  planets  would  appear  to  move  round  him  in  regu- 
lar order  and  progression.  But  the  case  is  very  different 
when  we  view  their  motions  from  the  earth,  which  also  moves 
round  the  sun ;  at  one  time  they  appear  to  have  9i  progressive 
or  direct  motion,  that  is,  from  west  to  east ;  then  they  ap- 
pear stationary,  or  without  any  apparent  motion ;  and  at  other 
times  they  appear  to  have  a  retrograde  motion,  that  is^  from 
east  to  west.  They  are  sometimes  in  conjunction  with  the 
sun.  and  then  they  are  generally  lost  in  his  superior  light ; 
and  some  of  them  (the  superior  planets)  appear  in  opposition 
to  the  sun,  that  is,  in  the  opposite  point  of  the  heavens. 
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In  ordor  to  ftmn  a  familiar  idea  of  tbeae  modom,  oonodve  youndf 
placed  in  the  centre  of  a  hone  ring ;  the  hone,  arhe  moveB  round  you, 
will  appear  to  more  in  a  regular  and  progrcwive  manner :  now,  conceive 
yourself  to  be  placed  without  the  ring ;  Uien  the  motion  of  the  horse  ap- 
pears no  kmgcr  regular :  at  one  time  he  appean  to  more  say  from  right 
to  left,  then  for  a  moment  he  appean  as  if  he  were  stationary,  and  after- 
wards he  appean  to  more  frbm  left  to  right,  and  in  two  points  of  his 
path  he  appean  in  coi^pmction,  or,  as  it  were,  in  the  same  place  with 
the  man  in  the  centre  of  the  ring.  These  apparent  motions  of  the  horse 
give  a  true  rep&resentation  of  the  apparent  motions  of  the  two  inferior 
planets,  Mercury  and  Venus. 

46.  Opposition  and  ^conjunction  of  the  planets,  —  That 
Mercury  and  Venus  are  inferior  planets  is  proved  by  their 
crossing  the  sun's  disk  like  a  black  spot,  thereby  showing  that 
they  must  revolve  between  us  and  the  sun ;  whereas  Man 
and  the  other  superior  planets  never  do  so.  Moreover,  Mer- 
cury and  Venus  never  appear  in  opposition ;  whereas  Mars 
and  the  other  superior  planets  appear  in  opposition  as  well  as 
in  conjunction. 

In  Fig.  20  let  S  represent  the  sun ;  E  the  earth ;  V  an  inferior  planet ; 
and  M  a  superior  one.    At  m  and  v  both  planets  appear  in  conjunction 


Ftp.  20.    Coi\junctioQ  and  Opposition. 

« 

to  a  spectator  on  the  earthy  but  at  M  and  Y  the  superior  planet  il  is  in 
oppoaitiflD*  while  the  inftrior  planet  V  is  in  ooigunction;  and  at  this 
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petition  it  will  sametisiflB  appear  like  a  Uai^  qxit  qnwwng  the  son's 
dUk  :  this  is  called  the  trantU  of  Voiii8»  or  Mercury,  aa  the  c«a  iztajr 
b« :  thus,  while  the  superior  planets  xi«¥V  doas  the  sun's  disk,  the  ib&> 
nor  ones  ncnrer  appear  ui  oppositioii* 

47.  AppartfU  mutUtrnt  <tf  Fefittf.^  We  shell  now  iUoitrate  the  eevse 
of  the  Kppsrcnt  motioDs  and  phases  of  the  planela  by  a  rcfoence  to  the 
plaiiet  Venus.  * 


s 
Fig,  21.    Apparent  Motions  of  Venus. 

In  Fig.  21,  let  S  represent  the  sun ;  E  the  earth  \  ahed  efg  h  the 
different  positions  of  Venus  in  her  orbit;  £  a  6  and  £  ^/tangent  lines 
drawn  from  the  earth  to  the  orbit  of  Venus,  From  o  to  6,  the  planet 
Venus  appears  gtationary,  that  is,  for* a  time  she  neither  appears  to 
move  towards  the  west  nor  towards  the  east ;  in  this  position  she  has 
attained  her  greatest  westerly  distance,  or  elongation^  irom  the  sun. 
From  6  to  /her  motion  is  direct^  that  is,  she  appears  to  move  amongst 
the  stars  from  west  to  east.  Fpm/'to  y  she  is  again  stationary;  and 
*  from  g  Xjo  a  her  motioft  is  retrograde^  that  is,  she  appears  to  mssre  from 
east  to  west.  At  A,  in  a  line  with  the  earth  and  sun,  a  transit  takes 
place.  Thus,  in  making  an  api)arent  revolution  from  a  round  the  sun. 
she  is  first  stationary,  then  she  has  a  direct  motion,  next  stationary,  and, 
finally,  she  has  a  retrograde  motion. 

48.  Phases  of  Venus.  —  Between  h  and  a,  (see  Fig.  21>.)  her  enlight- 
ened hemisphere  appears  to  us  like  a  horned  moon ;  at  a  and  6  the  pre-^ 
sents  the  appearance  of  a  half  moot* ;  at  e,  gibbous  ;  and  at  d^fiiU  moon  ; 
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and  K)  on.    It  !■  plain  thM  if  Tomi  htd  ihonc  with  h«  own  light,  gbe 
would  alwajB  have  appeaml  pcrfcctlj'  round  to  ui. 

*9.  Uonting  and  evming  itar.  —  When  Venus  nppesrt  to  the  w«t 
of  the  Bun,  that  u,  bom  dtoh,  (see  Fig.  21,)  the  is  the  evening  star, 
foe  then  she  shines  in  the  we«teni  ak;  at  aunaet ;  and  on  the  contTary, 
when  she  appcara  to  the  cast  itf  the  nin,  that  U,  bom  A  to  d,  she  ''»'"'■ 
in  the  eastern  iky  befbie  suniiie. 


COyrABATITE   SIZE  ADD  APPEARANCE  Or  THE   PLANETS. 

to.  The  following  diagram  exhilHts  the  comparatiTe  site  and  Mppcti- 
ance  of  the  principal  planets  in  the  solar  syBtem. 


Ill 


Fif.3a. 

Juptts  is  the  largest  of  all  the  planeta;  Us  diatnetet  Is  abont  II 
times  the  diameter  of  the  earth ;  Saturn,  Neptune^  and  Uranus  are  next 
In  ordn  of  magnitude!  the  Earth  and  Tenus  ara  about  the  same  nzej 
the  diameter  of  Mars  is  only  about  one  half  the  diameter  of  the  earth; 
and  MercuTT  is  about  one  third  smaller  than  Mars.  The  Aataolds 
(which  could  not  be  shown  in  this  diagram)  are  rcsy  small  bodifs,  the 
largest  of  them  not  being  more  than  250  iiu1«b  in  diameter.  The  diam- 
eter of  the  sun  is  about  110  tima  the  diameter  of  the  earth,  and  his 
entire  man  is  vastlj  greater  than  that  of  all  the  planets  put  together. 
Constructed  on  the  scale  of  the  accompanying  diagram,  he  would  have 
been  represented  by  a  globe  of  about  a  foot  in  diameter. 
S3 
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THE    SUK. 

51.  This  Stupendous  globe,  nearly  a  million  and  a  half 
times  the  bulk  of  our  earth,  is  the  great  source  of  light  and 
heat  to  all  the  planets,  and  by  the  attraction  which  he  exerts 
retains  them  in  tlieir  orbits.  The  telescope  shows  that  there 
are  dark  spots  upon  his  surface,  and  by  observing  them,  as- 
tronomers have  ascertained  that  he  revolves  on  his  axis  every 
25  dayd,  in  the  same  direction  as  the  planets  move  round  him, 
tliat  is,  from  west  to  east. 


HERCtTRT. 

52.  This  little  planet  moves  round  the  sun  in  about  88 
days,  at  the  distance  of  about  37,000,000  of  miles,  and  re- 
volves on  his  axis  in  24  hours  5  minutes.  The  length  of  his 
day  will,  therefore,  be  rather  more  than  ours,  and  the  dura- 

*  DiBcoTered  by  Mr.  Hind,  May  19, 1851.    Three  ^dditioiial  asteroidi  have 
been  Tery  recently  discoTered. 
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tion  of  his  jear  about  one  fourth  that  of  our  year.    The  appa« 
rent  motions,  Sccy  of  this  planet  are  similar  to  those  of  Venus. 

VENUS. 

53.  Of  all  the  stars,  this  is  the  brightest  and  most  beauti- 
ful. Her  distance  from  the  sun  is  about  three  fourths  of  the 
earth's  distance,  and  hence  she  receives  nearly  double  the  light 
and  heat  from  the  sun.*  She  completes  her  revolution  round 
the  sun  in  about  225  days,  and  performs  a  rotation  in  23 
hours  21  minutes,  on  an  axis  inclined  to  the  plane  of  her  orbit 
at  an  angle  of  15^.  The  length  of  her  day  is,  therefore, 
nearly  the  same  as  ours,  and  the  inclination  of  her  axis  shows 
that  she  has  seasons  similar  to  ours.  She  is  surrounded  by  a 
large  atmosphere,  and  from  tlie  irregularities  observed  on  the 
edge  of  her  crescent,  it  has  been  inferred  that  she  has  enor- 
mous mountains  upon  her  surface,  probably  much  larger  than 
any  on  our  earth. 

MARS. 

54.  This  small  planet  is  about  li  times  the  earth's  distance 
from  the  sun ;  he  takes  about  two  of  our  years  in  revolving 
round  the  sun;  and  the  length  of  his  days  is  about  the  same 
as  ours.  The  inclination  of  his  axis  to  the  plane  of  his  orbit 
shows  that  he  has  seasons  similar  to  those  which  take  place  on 
the  earth.  He  is  surrounded  by  an  atmosphere,  and  the  out- 
line of  continents  and  seas  may  be  distinctly  traced  by  means 
of  a  telescope.  The  red,  fiery  color  of  his  light  is  supposed 
to  be  produced  by  the  ochrey  tinge  of  his  soil,  like  that  which 
red  sandstone  might  produce.  Bright  white  spota  are  seen 
about  the  poles,  which  are  no  dolibt  occasioned  by  the  reflec- 
tion of  the  sun's  light  from  the  polar  snows  and  ice  upon  the 
planet ;  for  it  is  observed  that  as  each  pole  is  turned  towards 
the  sun,  the  bright  spots  about  it  become  less,  owing  to  the 
melting  of  the  snow  by  the  sun's  heat. 

*  The  light  and  he«t  deriyed  from  a  luminoiu  bodj  Taries  myenely  as  the 
■qaarea  of  the  distance :  thus,  taking  the  earth's  distance  from  the  son  as 
iinitj,  we  hsTe  heat  of  the  earth :  heat  of  Venus : :  (|)*  :  1* : :  9  :  16. 
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THE   ASTEROIDS. 

55.  These  bodies  reyolve  rouDd  the  son,  in  orbits  variooaly 
inclined  to  the  ecliptic,  between  the  orbits  of  Mars  and  Jupi- 
ter. Thej  are  so  Tery  small  that  their  diameters  have  not 
yet  been  accurately  determined.  Some  of  them  have  very 
extensive  atfhospheres.  They  have  all  been  discovered  with- 
in the  present  century,  and  six  of  them  have  been  discovered 
within  the  last  six  years. 

JUPITXS. 

56^  This  is  the  largest  of  the  planets.  He  takes  about 
twelve  years  to  complete  his  revolution  round  the  sun,  and 
turns  upon  his  axis  in  about  ten  hours.  This  rapid  rotation 
has  caused  him  to  be  much  flattened  at  the  poles. 

The  disk  of  Jupiter  is  always  found  to  be  crossed  with 
dark  parallel  bands  or  belts  with  spots,  as  shown  in  Fig.  22. 
Although  these  belts  vary  both  in  breadth  and  situation,  yet 
they  always  run  parallel  to  the  equator  of  the  planet;  this 
appearance  of  the  planet,  no  doubt,  depends  upon  its  atmos-' 
pbere. 

This  magnificent  planet  has  four  moonoi  which  constantly 
revolve  about  him  from  west  to  east,  and  acoorapany  hiia  in 
his  path  round  the  sun.  Thus  the  satellites  of  Jupiter  eon- 
statute  a  miniature  system,  to  which  their  primary  is  the  cen- 
tre, in  all  respects  similar  to  the  solar  system,  of  which  their 
central  body  itself  is  only  a  member. 

Three  of  Jupiter's  satellites  are  totally  eclipsed  at  every 
rev(dution,  by  ^e  great  shadow  which  lie  casts  from  the  son. 
Ihese  eclipses  are  of  great  use  in  findiiig  the  longitude  of 
places  upon  the  earth. 

57.  VHeciiy  of  it>Ai.— The  edipses  of  Jupiter's  satel- 
lites have  enabled  astronomers  to  determine  the  velocity  «f 
light  When  Jupiter  is  in  opposition  we  are  much  nearer  to 
him  than  when  he  is  in  ooiuunction ;  owing  to  this  diflbrence 


ABTBOHOXT*  889 

of  dktanee  we  see  the  eclipses  of  his  satellites  161  minotes 
sooner  in  the  one  position  than  we  do  in  the  other. 

Let  S  represent  the  buji,  (see  Fig.  23 ;)  J  Jupiter ;  M  the  satellite 
eclipsed  by  the  great  conical  shadow  of  the  planet ;  £  the  positian  of  the 


Fig.  23.    Edipae  of  Jupiter's  Satellites. 

earth  when  Jupiter  is  in  or  nearly  in  opposition ;  and  0  the  position  of  the 
earth  when  he  is  in  conjunction ;  then  the  distance  between  E  0  is  equal 
to,  or  nearly  equal  to,  the  diameter  of  the  earth's  orbit.  Now,  the 
eclipse  seen  from  £  takes  place  8^  minntea  hebte  the  calculated  time, 
whereas  when  it  is  seen  from  «  it  takes  place  Sj  minutes  later  than  the 
calculated  or  true  time;  consequently  the  light  takes  16}  minutes  to 
travel  from  £  to  e;  that  is,  Ught  iake$  161  mhwUi  in  trofoening  the 
diameter  of  the  earth's  orlriL 

8ATUBN. 

58.  Saturn's  jear  is  291  times  the  length  of  our  year,  and 
the  length  of  his  day  is  about  101  hours.  His  distance  from 
the  sun  is  about  91  times  that  of  the  earth.  The  diameter 
at  his  equator  is  about  yV  greater  than  the  diameter  at 'his 
poles.  Like  the  earth,  his  axis  is  inclined  to  the  plane  of  his 
orbttf  and  therefore  he  must  iutye  seasons.  Saturn  has  eight 
satellites,  seven  of  which  had  been  known  for  sixty  years  be- 
fore the  eighth  satellite  was  dtscovered.  He  is  distinguished 
by  having  a  thin  broad  ring  surrounding  his  equator,  as 
shown  in  Fig.  22.  This  ring  is  concluded  to  be  opaque,  be- 
cause it  casts  a  shadow  on  the  surface  of  the  planet;  it  is  sep* 
arated  by  different  intervals,  so  that  it  is  really  a  series  of 
rings  concentric  with  the  planet;  its  whole  breadth  is  27,000 
miles,  and  its  thickness  does  not  exceed  100  miles.  The  space 
between  the  inner  side  of  the  ring  and  the  planet  10  19»00Q 

83  • 
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mileg.  The  diflerent  parts  of  the  ring  revolve  round  Stttam 
in  periods  depending  on  their  resp^ective  distances  from  him  ; 
the  outermost  ring  revolves  in  about  lOi  hours.  Saturn  has 
dark  belts  like  Jupiter,  but  rather  broader  and  less  strongly 
marked;  the. cause  of  these  belts  is  no  doubt  atmospheric,  as 
in  the  case  of  the  belts  of  Jupiter. 

URANUS. 

59.  This  planet  completes  his  revolution  round  the  snxi  in 
rather  more  than  eighty-four  years ;  Ins  mean  distance  from 
the  sun  is  about  nineteen  times  that  of  the  earth.  The  dis- 
coverer of  Uranus,  Sir  W.  Herschel,  believed  that  this  planet 
had  six  moons ;  but  only  two  have  been  observed  by  other 
astronomers.  The  motion  of  these  satellites,  round  their  pri- 
mary is  from  east  to  west,  which  is  an  exception  to  the  law 
observed  by  the  satellites  of  Jupiter,  Saturn,  and  the  Earth. 

NEPTUNE. 

60.  Neptune,  the  most  remote  planet  at  present  known  in 
the  solar  system,  completes  his  revolution  round  the  sun  in 
about  1 G6  years,  at  about  thirty  times  the  distance  of  the 
earth  from  the  sun.  One  satellite  has  already  been  observed, 
revolving  round  the  planet  at  the  distance  of  about  twelve  of 
its  radii.  This  planet  was  discovered  in  1846,  and  its  exist- 
ence was  determined  by  calculations,  based  upon  the  law  of 
gravitation,  before  it  had  been  recognized  as  a  planetary  body 
by  observation.  This  may  be  regarded  as  one  of  the  greatest 
achievements  of  mathematical  science. 

COMETS. 

CI .  Upwards  of  130  comets  have  been  observed  at  different 
times,  but  only  three  have  been  identified  as  having  been  seen 
before.  The  ^met  which  was  seen  in  1835,  called  Halley's 
comet,  revolves  round  the  sun  in  about  seventy-six  years. 
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Their  orbits  are  ellipses  or  ovals,  so  very  flat  or  eccentric^ 
that  the  comets  are  invisible  to  us  for  the  greater  part  of  their 
revolutions  round  the  sun. 

Comets  are  not  solid  like  the  planets ;  they  merely  consist 
of  a  mass  of  vapor,  the  central  portion  of  wiiich  is  called  the 
nucleus^  or  head,  being  more  dense  than  the  rest.  Sometimes 
this  vapor  extends  to  a  great  distance  in  the  form  of  a  toiV, 
which  is  always  in  a  direction  contrary  to  the  sun. 

THE   PLANBTS   HOVK   IN    ELLIPSES. 

62.  The  true  path  of  the  planets  round  the  sun  are  eHipaei  cr  ovals, 
diiiering  in  general  but  little  from  eirdei,  of  which  the  mm  ooonpies  what 
is  called  the  focus. 

Thus,  in  Fig.  24,  £  repreienU  the  earth;  £  D  A  its  elliptical  orbit 
round  the  sun ;  S  the  sun  in  the  focus  of  the  ellipse. 


Fig.  24.    Elliptical  Oibit. 

Kepler  discovered  the  elliptical  motion  of  the  planets,  with  other  im- 
portant facts,  by  observation,  and  Newton  showed,  by  mathematical  anal- 
ysis, that  this  peculiar  form  of  their  ortnts  depends  upon  a  certain  law  of 
the  attractive  force  residing  in  the  sun,  called  the  law  of  gravitation. 

When  the  earth  is  nearest  the  son,  as  at  />,  it  is  said  to  be 
in  its  perihelion  ;  and  when  the  earth  is  farthest  from  the  sun, 
as  at  a,  it  is  said  to  be  in  its  aphelion.  The  motion*of  thu 
earth  in  its  orbit  is  quickest  when  it  is  nearest  the  sun,  or  in 
its  perihelion,  and  slowest  when  it  is  farthest  from  the  sun,  or 
in  its  aphelion.  Hence  it  is  that  the  time  between  our  vernal 
and  autumnal  equinoxes  is  about  eight  days  longer  than  the 
time  between  our  autumnal  and  vernal  equinoxes ;  thereby 
causing  the  summer  in  the  northern  hemisphere  to  be  a  little 
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loDger  Uwn  the  winter.  The  evth  u  aboot  Ihiee  nuDioos  of 
miles  nearer  to  the  aun  in  winter  than  it  ia  ia  summer.  If 
Ibis  be  the  case,  it  ma;  be  asked,  Wh;  is  oar  sommra-  so  much 
wanner  than  our  winter?  If  we  are  nearer  to  tlie  sun  in 
winter  than  we  are  in  summer,  why  should  it  not  be  wamvr 
in  winter,  rather  than  colder?  It  ia  quite  true  thai  this 
would  be  (he  case,  were  it  not  for  other  causes,  whidi  &r  more 
llian  counterbalance  the  very  sm^  deficiencj  of  temperature 
arising  from  this  difference  of  distance  from  the  sun.  These 
causes  have  been  briefly  and  incidentally  explained  in  Art.  30, 
but  it  may  be  instmctive  to  bring  them  here  before  the  stu- 
dent in  a  distiuct  fbna. 

Btai  of  Summer. 

The  days  in  oar  summer  months  being  very  mndi  longer 

than  they  are  in  our  winter  months,  we  must  manifestly  re* 

ccive  much  more  heat  from  the  sun  during  the  former  period 

than  we  do  during  the  latter. 

In  our  summer  the  sun  rises  to  a  miich  greater  height  above 
lUe  horizon  than  he  does  during  oar  winter,  and  consequently 
be  not  only  continues  longer  above  the  horizon,  but  lus  rays, 
coming  more  perpendicularly,  strike  in  gmater  numbers  upon 
any  given  portion  of  the  earth's  surface- 
Let  A  B  npnait  a  portiao  of  tbo  earth's  smbo^  npoD  wMch  the  isys 


Fig,  20.    Hem  of  Snmmv. 
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of  the  nm,  A  B  O  E,  fidl  perpendicTilarly ;  and  let  A  C  be  an  equal  por- 
tion of  the  earth's  suzftoe,  upon  which  the  rays  of  the  8un,  A  C  F  £,  &11 
obliquelj,  or  in  a  slanting  direction*  Now,  although  the  surfaces  A  B 
and  A  C  are  equal,  yet  it  is  plaiiT'that  a  much  greater  number  of  rays 
must  fall  on  A  B  than  upon  A  C :  the  rays  of  light  and  heat  falling 
upon  A  B  are  included  by  the  space  A  B  G  E,  whereas  those  which  &11 
on  A  C  are  included  by  ihe  space  A  D  F  £ :  in  fact  tiie  heat  which 
£dk  iqxm  the  small  portion  A  D  is  eptead  out  Ofnr  A  C. 

GRAYITATIOir. 

68.  When  a  body  moves  in  a  cnrred  line,  such  as  the  path 
of  the  earth  round  the  sun,  it  must  be  under  the  action  a£  two 
forces,  one  an  impulsive  force,  or  force  of  projection,  the  other 
a  constantly  acting  force,  such  as  the  attraction  of  gravitation. 

We  have  a  ftmiliar  ioBtanoe  of  this  when  a  stone  is  projected  oblique- 
ly upwards  from  the  top  of  a  high  tower ;  the  j^e  mores  in  a  curve, 
called  a  parabola,  in  consequence  of  the  motion  of  projection  and  the  at- 
traction of  the  earth.  Now,  as  we  incrcflt>e  the  force  of  projection,  the 
none  win  be  longer  before  it  mches  the  earth's  surface ;  indeed,  it  is  not 
dMenlt  to  oonceiTe  the  fofoe  of  projection  to  become  «o  great  that  the 
stone  shall  not  return  to  the  eardi's  surface  at  all,  but  shall  move  round 
the  earth  like  a  little  satellite  similar  to  the  moon. 

The  earth  and  all  the  other  planets  had  at  first  a  motion  of  projection 
given  to  them  ;  and  this  motion  would  have  cniricd  them  away  into  in- 
finite space,  had  it  not  been  for  the  sun's  attraction.  If  the  attractive 
force  of  the  sun  were  to  cease,  the  earth  «t  fi  {aee  Fig.  24)  would  fly  off 
ftom  its  orbit  in  the  tangant  line  E  K ;  wid  en  the  contrary,  if  the  motion 
of  projection  were  stopped,  the  «8rth  would  he  drawn  in  towards  the 
sun  ;  but  the  two  fbroes  of  projection  and  gravitatiDn  are  so  nicely  ad- 
justed,  that  the  earth  continualiy  moves  round  its  great  eentre  of  attrac- 
tion, in  an  elliptical  <nbit,  constantly  cetuzaing  at  every  revolution  (at 
least  virtually)  to  the  point  from  which  it  started.  This  law  of  gravita- 
tion,* which  holds  tme  with  respect  to  the  sun  and  the  planeti^  also 
holds  true  with  respect  to  the  molion  of  the  satellites  round  ihai  respec- 
tive primaries. 

*  According  to  the  law  of  gnvitadoB,  (1.)  All  bodies  attract  one  an- 
other with  forces  proportional  to  the  masses  of  matter  which  they  contain ; 
(2.)  The  force  of  attraction  decreases  as  the  squares  of  the  distances 
inc 
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ATMOSPHERIC  REFRACTION. 

64l  The  atmosphere  which  surrounds  the  earth  is  of  varia- 
ble density ;  that  is,  the  higher  we  ascend  the  rarer  it  becomes. 
It  may  therefore  be  considered  as  consisting  of  a  series  of  strata 
or  layers  K  G  I  M,  G  D  F  I,  D  A  C  F,  &c^  (see  Fig.  26,) 
of  decreasing  density.  Now,  air,  as  well  as  all  transparent 
substances,  possesses  the  power  of  refracting  the  rays  of  light, 
or  bending  them  out  of  their  straight  course ;  thus  the  rays  of 
light  proceeding  from  a  star,  or  any  heavenly  body,  become 
bent  more  and  more  downwards  as  they  pass  through  the  at- 
mosphere, and  the  star  is  seen,  not  in  the  direction  in  which  it 
actually  lies,  but  in  the  direction  which  these  rays  have  at  the 
instant  of  arriving  at  the  eye  of  an  observer :  the  effect  of  this 
is,  to  cause  the  sty  to  appear  higher  in  the  heavens  than  it 
really  is. 

In  Tig.  26,  let  S  represent  a  star  beyond  the  limits  of  tbe  atmosphere 
KAGM;  SBmthe  straight  coozse  of  a  ray  of  light  proceeding  firom 


Fig.  26.    Refractiaii. 

the  star.  In  passing  through  the  layer  of  atmosphere  A  C  F  D,  the  ray 
8  6  isbentdoim  into  the  direction  BE;  now,  if  the  next  layer  D  F I  G 
were  of  the  same  density  as  A  C  F  D,  the  ray  B  £  would  proceed  in  the 
straight  line  B  £  n ;  but  as  the  former  is  denser  than  the  latter,  the  ray 
is  b«nt  down  into  the  direction  £  H ;  and  so  on  through  every  successiTe 
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Itjv.untilthetsycoma  to  thee;eoftheolvarver.  A*  the  ny  of  tight 
pfoceeda  downwudi,  Uie  Etr&Ui  of  ux  become  more  and  more  dente,  whidi 
cauMi  the  ny  to  become  muTe  and  more  bent  in  it>  pMuge ;  hence  it  b 
that  theoouneof  the  refracted  ny  through  the  atmoephoeii  that  of  • 
CDTTc^  which  becoma  mora  and  mon  eoocave  u  it  approachea  the  euth, 
u  dunni  tn  Fig.  27;  whaellit  thBlmninoaot^;  M  a  the  itraight 


Fig,  27.    AfciM^JHTJo  Befracticn. 


dinctHn  <^  the  rayi  of  light,  which,  tneetiiig  the  BtmcMpha«  at  a,  ■«  by 
nAaction  bent  into  the  curve  a  \;  A  m  is  the  directioo  which  the  re- 
fracted raj  haa  when  it  arriTCB  at  the  ejie  of  the  obaerrer  at  A ;  aod  A  m 
ia  the  direction  in  which  the  star  will  be  teen  :  thtu  the  refraction  (^ 
the  atnunphero  causes  ui  to  see  the  heavenly  bodia  apparently  higher 
■bore  the  hoiiion  than  they  are  in  mlity.  The  body  M  may  actually 
be  beneath  the  horixoo,  and  yet  be  visible  to  a  pereon  at  A. 

Tbe  atmospberic  refraction  elevates  the  apparent  portion 
of  the  heavenly  bwlies  most  when  they  are  near  the  horizon  ; 
and  at  the  zenilh  it  does  not  affect  their  position  at  all. 

OTAL   FORX  or  THE  SUN   AMD   MOON   NEAR  TBE  HORIZON. 

Qa.  This  remarkable  appearance  k  occasioned  by  atmos- 
pheric refraction.  The  upper  half  of  tbe  son  or  moon's  dish, 
as  the  case  may  be,  bein^  leas  raised  by  refraction  than  the 
lower  half,  causes  the  vertical  diameter  of  the  disk  to  be  les- 
sened,  while  the  huriKonta)  diameter  remains  unchanged ; 
hence  the  disk  appears  of  an  oval  shape. 

nvaioHT. 

66.  Twilight  is  that  light  which  we  enjoy  for  about  an  hoar 
and  a  half  before  the  sun  has  appeared  above  the  horizon,  and 


S96  HATL'RAl.  AKD  XXFUUUXTAJ.  PHILOBOPBT. 

for  about  the  tvne  time  «f)er  he  bu  set  Thia  beantiftil  law 
of  natnre  is  Cftased  bjr  the  rtJUetion  at  the  sun's  light  from  the 
higher  re^ns  of  the  atmosphere.  Some  time  before  we  have 
anj  direct  tnuumisBion  of  li^t  from  the  sun,  his  beams  illu- 
miaau  tha  highw  poniou  of  the  atmosphens  and  then  tbi« 
illuminated  portion  transmits  light  to  us. 

In  Rg.  2t,  Itt  O  A  B  repinent  Ae  ncA ;  Q  K  C  D  B  •  poniim  of 
it!  atmosphere;  A  the  pUce  of  an  obmw;  A  R  Ilia  famboo;  ind  S 
the  ion  onuLdatably  bdow  tlw  teiBD,  aad  rf  eoian  iafMitili  to  a  penon 


Fig.  ZB.     Ciiue  of  Twilight. 

■tA.  Voir, that poTtioiioftlteatmaqihenrepRMntedbyCBBDwill 
be  illiimiiudxd  by  the  lun,  while  A  C  S  Q  will  be  ta  compcratiTc  diik- 
nen;  andthe  illmniiutted  portlan  C  B  D  will  bGvuOiJs  to  >  poKn  it  A, 
and  the  light  pioaeediiig  bom  it  will  ocoscq  tui  twilight.  The  duratiad 
iJ  twilight  Taries  with  the  latitude  and  the  seaioii  of  the  jeer.  At  the 
equator  the  duratimi  of  twilight  i»  alwajn  ahon,  whereas  at  the  pola  it 
la«»  for  upwardi  of  four  months.    Tvrilight  begina  ta  the  morning. 


THE  TTOES. 

67.  The  sitemale  flowing  and  ebbing  of  the  sea  Is  called 
tlie  tides.  They  are  produced  by  the  attraction  of  the  sun 
and  the  moon  npon  the  waters  of  the  ocean,  bat  chiefly  by 
the  attraction  of  the  moon  ;  for  as  she  is  much  nearer  to  the 
earth  than  the  sun,  her  attractive  force  upon  the  waters  is 
considerably  greater  than  that  of  the  sun's. 

For  a  little  more  than  six  hours,  the  sea,  in  certain  places. 
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gradually  swells  and  then  flows  into  liarbors  and  the  moathfl 
of  rivers ;  this  is  called  fiood  tide.  At  the  end  of  this  time 
the  ocean  has  attained  its  greatest  height ;  this  is  called  high 
water.  The  waters  then  begin  to  ehb  or  fall,  which  thej  oon- 
tinne  to  do  for  a  little  more  than  six  hours,  until  they  arrive 
at  their  lowest  level ;  this  is  called  lati^  water.  Thus  the  wa- 
ters of  the  ocean,  day  after  day,  alternately  swell  and  fall  in  a 
little  more  than  six  hours ;  so  that  high  water  takes  place 
twice  in  every  24  hours  50  minutes,  this  being  the  time  which 
the  moon  takes  in  passing  from  the  meridian  of  a  place,  to 
returning  to  the  same  meridian  again.  If  the  moon  were 
stationary,  the  interval  between  high  water  of  one  day  and 
high  water  the  next  would  be  exactly  ^  hours ;  for  the  same 
part  of  the  earth  would  return  to  the  moon's  meridian  in  this 
time ;  but  while  the  earth  is  performing  a  revolution  on  its 
axis,  the  moon  advances  about  18^  in  her  orbiti  so  that  it  takes 
the  earth  about  50  minutes  more  to  bring  the  same  place  op- 
posite to,  or  on  the  same  meridian  with,  the  moon. 

68.  In  explaining  the  cause  of  the  tides,  we  shall  first 
speak  of  the  moon's  attraction  alone.  If  the  earth  were  an 
exact  sphere  covered  with  water,  and  if  there  were  no  exter- 
nal attraction  exerted  upon  it,  the  water  would  arrange  itself 
uniformly  over  the  surfiice,  forming  a  coating  like  the  rind  of 
an  orange ;  but  when  the  earth  is  brought  under  the  infiuenoe 
of  an  attractive  body,  like  the  moon,  this  uniformity  in  the 
distribution  of  the  water  no  longer  subsists. 

In  Fig.  29,  let  E  rcfvesent  the  earth  razrounded  by  water ;  M  the 
moon ;  and  S  the  son ;  then,  since  the  moon's  attraction  is  greatest  upon 
the  objects  which  lie  nearest  to  her,  the  water  at  a,  directly  below  the 
moon,  wiH  be  more  attracted  by  her  than  the  water  which  lies  farther 
off;  hence  it  is  plain  that  the  water  at  a,  beneath  the  moon,  must  be 
drawn  np^  or,  as  it  were,  heaped  up ;  now,  as  the  earth  revolveB  on  iti 
axis,  sncoemve  parts  of  its  sorftoe  must  pass  imder  the  moon,  and  these 
parts  wHI  have  high  water  in  regular  sucoesnon.  But  ifar  a  shnilar  rea- 
son there  will  also  be  high  water  at  c  on  the  opx^osite  side  of  the  earth ; 
for  the  water  at  c  must  be  leas  drawn  towards  the  mqan  than  the  water 
at  (  or  d,  or  any  parts  between  e  and  h^tac  and  d;  Imica  it  ftUows  that 

S4 
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Fig.  29,    Spring  Tide  at  Kew  Koon. 

the  water  must  be  heqied  up  towardi  e.    At  ft  and  d  ihae  wOl  be  low 
water. 

It  wiU  now  be  readily  leen  why  we  have  twice  high  water  and  twice 
low  water  in  the  oouiae  oi  every  24  haaa  50  minutes.* 

69.  We  have  hitherto  regarded  the  attraction  of  the  moon 
alone  aa  the  cause  of  the  tides ;  bat  this  is  not  strictly  true, 
for  the  sun's  attraction  very  much  affects  the  magnitude  of 
the  tides. 

The  largest  tides  take  place  when  the  moon  is  at  her  change, 
or  at  her  full  moon ;  for  in  both  these  cases  the  attractiye 
forces  of  the  sun  and  moon  combine  in  raising  the  waters ; 
these  are  called  spring  tides.  On  the  contrary,  the  lowest 
tides  take  place  when  the  moon  is  at  the  beginning  of  her 
second  and  fourth  quarters,  that  is  to  say,  when  she  is  half 
moon ;  for  then  the  attractive  forces  of  the  sun  and  moon  act 
8o  as  to  diminish  each  other^s  effect ;  these  are  called  neeqf 
tides. 

Fig.  29  represents  the  9jprxng  tide  at  new  fnotm.  Here  the  attractive 
forces  of  the  Qun  and  moon  obviously  cooperate  in  raising  the  waters  of 
the  ocean  at  a  and  e. 

*  It  must  be  observed  that  the  tide  is  not  at  its  highest  when  directly  under 
the  moon,  but  about  two  hours  later ;  for  once  the  fuD  effect  of  the  moon's 
attraction  on  the  waters  is  not  instantaneous,  high  water  will  net  take  place 
until  the  moon  has  passed  the  meridian :  in  the  same  way,  the  hottest  part 
of  the  day  does  not  take  place  till  some  time  after  noon ;  and  also  the  month 
of  July  is  always  hotter  than  the  month  of  June. 
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Fig.  80  tepnaeaU  ths  tprmg  Hde  at  JvU  moon ;  where  S  n^noents  the 
BUD,  M  the  moon  at  her  fuU,  and  £  the  earth.    Here  the  attractire 


Fif.  80.    Spting  Tide  at  Full  Mooo* 

IbroeB  of  both  the  ran  and  the  moon  tend  to  draw  the  waten  away  from 
b  and  d»  and  to  acmmnlate  them,  or  heap  them  up,  at  a  and  e. 

Fig.  81  rcprcwuita  ike  neap  tidei  at  half  moon ;  where  H  repreaenti 
the  moon,  either  at  the  '^«"«»g  of  her  leoond  or  at  the  ^^""^g  of 


Fig.  81.    Neap  Tidei. 

her  finuth  quarter.  Here  the  attraction  of  the  sun  tends  to  diminish  the 
flow  of  the  waters  at  6  and  <i,  and  hence  the  tides  at  these  periods  are 
smaller  than  at  any  other. 

Thus  in  the  couree  of  a  lunar  month  we  have  two  spang  tides  and 
two  neap  tides. 


THE  FIXED  STARS. 


KtTKBER   OF   THB   FIXED    STARS. 

70.  The  namb^  of  the  fixed  stars  exceeds  all  compntadoo* 
"Viewed  through  a  powerful  telescope,  the  milkjf  way,  or  galcaeif, 
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iippcan  like  great  groups  of  oonstellfttions.  I>r,  Hersdiel 
counted  GOO  stars  within  the  view  of  his  telescope  at  one  time ; 
and  in  one  portion  of  the  milkj  waj,  he  computed  that  the 
number  of  stars  exceeded  a  quarter  of  a  million.  But  if  the 
power  of  our  telescopes  were  still  further  increased^  there 
would  be  no  Iimtt  to  the  number  of  stars  which  we  mig^t 
observe. 

DISTANGB  OF  THE  FIXED   STARS. 

71.  It  has  been  ascertiuned  that  the  nearest  of  the  fixed 
stars  are  at  such  enormous  distances  from  ns,  that  it  would 
take  tbeir  light,  travelling  at  the  rate  of  twelve  mfliiotis  of 
miles  in  a  minute,  at  least  six  years  in  reaching  ns.  The  truth 
of  this  may  be  illustrated  in  the  following  manner :  — 

Look  at  two  trees  at  no  great  distance  from  you,  and  observe  the  ap- 
p;irent  distance  between  them ;  now  change  your  position,  hy  walking 
cither  to  the  left  or  to  the  right,  and  obscrye  that  the  iqjpannt  distance 
between  the  trees  is  decidedly  changed;  indeed,  you  may  come-  to  a 
]X)8ition  where  the  twq  trees  would  appear  as  one^  cr,  more  ooneedy 
Fi)caking,  in  the  same  straight  line.    Here,  then,  we  oondude  that  when 
objects  are  near  to  us,  their  apparent  distances  from  one  another  are  very 
much  affected  by  our  change  of  position.    Again,  proceeding  in  the 
same  manner,  look  at  two  objects  more  remote  from  yon ;  then  yoa  will 
find  that  your  change  of  position  scarcely  at  all  alters  the  apparent  dis- 
dmces  of  the  objects.    Hero,  then,  we  conclude,  that  when  olgecta  are 
very  distant  from  ns»  their  apparent  distances  from  one  another  are  very 
little  affected  by  our  change  of  position.    Now,  the  earth,  as  it  rerolyes 
round  the  sun,  undergoes  a  change  of  position  measured  by  the  diameter 
of  its  orldt,  or  192  millions  of  miles.    The  earth,  therefore,  is  192  mtl- 
lions  of  miles  nearer  to  certain  fixed  stars  at  one  time  than  another;  yet, 
notiitithstanding  this  enormous  change  of  position,  there  is  scarcely  any 
(liiTerence  observed  in  the  apparent  distances  of  the  stars  from  one  an- 
otlicr.    How  immensely  great,  then,  must  their  distances  be  from  ua !  * 

•  Astronomical  instniments  have  been  made  trith  such  nicety,  that  a  dif- 
fcreuce  may  be  del  Ctrl  in  the  apparent  distances  of  two  objects,  nrhen  their 
distance  fro  in  ua  w  r,)i),Ov')0  times  the  distance  between  the  two  points  of 
observation.  But  as  only  a  very  minute  difference  can  be  detected  hy  our 
best  instruments  in  the  apparent  di^anccs  of  the  stars  when  ncwed  from 
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THE  BTARS   HAYS  MOTION. 


72.  The  stars  have  a  motion  through  space :  thus,  for  ex- 
ample, a  small  star  in  the  coastellatioa  of  the  Swan  has  been 
found  to  move  annually  over  five  seconds  of  the  arc  of  the 
heavens.  Now,  according  to  Arago,  the  distance  of  this  star 
from  us  is  not  less  than  400,000  times  the  distance  of  the 
earth  from  the  sun :  in  order,  therefore,  that  this  star  should 
move  over  five  seconds  annually,  it  must  actually  travel  many 
millions  of  miles  in  this  time.  Hence  it  is  only  in  a  relative 
sense  that  we  can  speak  of  the  stars  as  being  fixed ;  abso- 
lutely considered,  there  is  probably  nothing  fixed  in  the  uni- 
verse. 

MULTIPLE  STABS. —  OBAVITATION  EXTENDS  TO  THE  8TAB8. 

73.  Certain  stars,  although  they  appear  single  to  the  naked 
eye,  are  found  to  be  double  or  treble  stars  when  viewed 
through  a  good  telescope.  Stars  of  this  kind  are  very  numer- 
ous; in  120,000  stars  examined  by  M.  Struve,  one  in  every 
forty  was  found  to  be  a  multiple  star,  that  is,  a  group  of  two, 
three,  or  even  four  stars ;  indeed,  it  seems  probable  that,  were 
our  telescopes  sufficiently  powerful,  we  should  find  all  the 
stars  which  appear  single  to  the  naked  eye  to  be  really 
groups  of  stars. 

74.  In  tliese  multiple  stars  one  is  always  observed  to  be 
much  more  brilliant  than  the  rest.  This  brilliant  star  in  each 
group  is  the  central  sun,  round  which  the  others  revolve,  in 
the  same  manner  as  the  planets  in  our  system  revolve  round 
the  sun.    These  multiple  stars,  therefiire,  are  systems  of 

the  opposite  points  of  the  earth's  orbit,  it  follows  that  the  nearest  stars  most 
be  at  least  100,000  times  192  millions  of  miles  firom  us.  Mr.  Henderson  dis- 
ooTered  that  the  star  called  Centauri  is  altered  in  its  apparent  position  by 
onlj  about  one  second ;  assuming  this  to  be  the  case,  the  distance  of  this 
star  from  us  must  be  about  half  a  million  of  times  the  earth's  distance  from 
the  sun.  This  angidar  change  in  position  is  called  the  parallax  of  the  star.. 
Not  more  than  ten  stars  have  at  present  been  found  to  have  anj  parallax ; 
and  that  of  the  star  Centauri  is  the  greatest  which  has  yet  beei|  observed. 

34* 
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worlds  similar  to  our  solar  system,  thereby  proving  that  the 
law  of  gravitation,  which  animates  and  controls  the  planetary 
bodies,  exists  throughout  the  remote  regions  of  the  celestial 
spaces.  How  beautiful  it  is  thus  to  mark  the  unity  of  plan 
manifested  in  the  constitution  of  the  universe :  the  law  oT 
attraction  which  causes  a  stone  to  fiill  to  the  ground,  which 
gives  the  globular  form  to  the  mass  of  the  earth,  and  winch 
guides  the  planets  in  their  motion  round  the  sun, —  that  same 
law  binds  the  stars  to  one  another,  in  each  group  of  multiple 
stars ;  and  it  may  not  be  improbable  that  all  these  worlds  and 
systems  of  worlds  which  people  the  immensity  of  space  are 
but  parts  of  one  grand  integral  system,  which,  under  the  great 
controUing  principle  of  gravitation,  are  linked  to  one  another, 
as  well  as  to  one  vast  central  mass,  fixed  in  the  nnfiuhomed 
depths  <^  the  universe. 

**  That  yeiy  law  which  moalda  a  tear. 
And  bids  it  trickle  from  its  source,  — 
That  law  preseiTss  the  earth  a  sphere, 
And  guides  the  planets  in  their  course.-' 


THE  DIVISIONS  OF  TIME.— THE  CALENDAR. 

75.  The  motions  of  the  sun  and  moon  have  been  taken  in 
all  ages  as  the  measure  of  time.  The  diurnal  motion  of  the 
sun  is  the  measure  of  our  day ;  his  revolution  in  the  ediptic 
gives  the  length  of  our  year  ;  and  the  periodic  return  of  new 
moon  is  the  basis  of  our  division  of  time  into  month?. 


ASTRONOMICAL    AND    SIDEREAL    DAY. 

76.  The  astronomical  day  is  24  hours  long ;  it  is  the  mean 
of  the  intervab  between  the  noon  of  one  day  and  the  noon  of 
the  succeeding  one. 

The  period  which  the  earth  takes  to  revolve  on  its  axis  is 
bonstantly  the  same ;  viz.,  23  hours,  56  minutes,  4  seconds. 
This  is  called  a  sidereal  da^y  for  it  is  the  time  trhtch  any  mc^ 
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ridian  on  the  eartli  takes  in  reToIving  from  a  fixed  star  to 
that  star  again. 

The  astronomical  dajr  is  nearly  foor  nrinntes  longer  than 
the  sidereal  day.  This  is  caused  by  the  snn's  motion  in  the 
ecliptic ;  for  while  the  earth  is  turning  on  Hs  axis,  tbe  son  is 
advancing  amongst  the  stars,  and  hence  it  requires  the  earA 
to  make  rather  more  than  a  complete  TeroliilMm  to  bring  Ch6 
same  meridian  under  him. 

EQUATION   OF  tlHE. 

77.  Owing  to  certain  causes,*  which  need  not  at  present  be 
explained,  the  sun  does  not  move  uniformly  amongst  tbe  stars ; 
and  hence  we  find  that  the  interval  between  two  successive 
noons  is  not  always  the  same.  A  dock,  therefore,  which 
keeps  true  time  will  not  always  correspond  with  the  time  as 
indicated  by  the  sun.  Thus,  for  example,  if  it  be  12  o'clock 
to-day  by  a  watch  keeping  true  time,  when  the  sun  is  exactly 
at  noon  or  on  the  meridian,  then  it  will  not  be  exactly  12 
o'ck>ck  by  the  watch  to-morrow  when  the  sun  is  on  the  me- 
ridian ;  the  time  by  the  watch  may  be  a  little  before  or  after 
12  o'clock,  according  to  the  season  of  the  year.  This  differ- 
ence of  time  between  the  clock  and  the  sun  is  called  the  equa* 
Han  of  time.  Almanacks  contain  the  amount  of  this  differ- 
ence for  everj  day  of  the  year,  so  that  we  can  always  tell 
how  much  before  or  after  12  o'clock  the  sun  will  be  on  the 
meridian  on  any  proposed  day. 

SOLAR   YEAR.  —  JULIAN   CALENDAR. 

78.  As  tbe  return  of  the  sun  to  the  same  meridian  marks 
the  length  of  the  day,  so  the  return  of  the  sun  to  the  same 
equinox  gives  the  length  of  the  year. 

•  Tte  invgnlarity  of  the  nm't  tppareut  motiim  ufMf  from  the  fbHofrlng 
causes :  First,  upon  the  incUnatioii  of  the  ecliptiOv  «r  tim's  apparent  path,  to 
the  plane  of  the  equator;  and  secondly,  upon  the  elliptic  form  of  the  earUi'a 
orbit,  which  occasions  the  earth  to  move  quicker  when  in  the  perihelion,  or 
nearest  the  sun,  and  slower  when  in  the  aphelion,  or  farthest  from  the  son. 
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The  solar  year  contains  865  days,  5  hoars,  48  seconds,  or 
865  days,  6  hours,  nearly.  Bat  as  the  common  or  civil  year 
consists  of  only  365  days,  the  solar  year  is  aboat  a  quarter  of 
a  day  longer  than  the  civil  year ;  and  therefore,  if  this  year 
always  contained  865  days,  there  would  be  an  error  of  a  day 
committed  in  the  course  of  eveiy  four  years.  Now,  in  order 
to  correct  this  error,  Julius  Csssar,  the  great  Roman  general, 
enacted  that  every  fourth  year  should  consist  of  366  days ; 
this  year  is  called  leap  year,  and  the  additional  day  is  added 
to  the  month  of  February,  which  therefore  consists  of  29  days 
in  leap  year.  This  mode  of  reckoning  is  called  the  JuUan 
eaUndar, 

GREOORIAK  CALENDAR. 

79<  Now,  if  the  solar  year  had  consisted  of  865  days,  6 
hours,  exactly,  no  further  correction  would  have  been  neces- 
sary ;  but  this  is  about  11  minutes  too  much,  and  consequently 
the  Julian  calendar  introduced  an  error  of  44  minutes  every 
4  years,  or  about  a  whole  day  in  130  years.  This  error  in 
the  course  of  centuries  became  considerable.  Thus,  in  the 
year  1577,  the  vernal  equinox  happened  on  the  11th  of 
March  in  the  place  of  the  21st.  Pope  Gregory,  in  the  year 
1582,  corrected  the  calendar  in  the  following  manner:  The 
5th  of  October  was  called  the  loth,  to  correct  the  error  which 
had  been  committed  sint^  the  time  of  Julius  Caesar ;  and  to 
prevent  the  error  happening  again,  it  was  agreed  that  every 
fourth  year  should  be  leap  year,  as  in  the  Julian  calendar, 
excepting  Ihat  every  hundredth  year  for  three  successive  cen- 
turies, should  be  common  years,  and  the  fourth  hundredth 
should  be  a  leap  year.  Thus  1700, 1800,  and  1900,  are  com- 
mon years,  and  2000  is  a  leap  year.  By  this  mode  of  reck- 
oning, the  error  in  4000  years  will  not  exceed  one  day.  This 
is  called  the  Gregorian  calendar, 
.  The  Julian  calendar  is  called  the  old  ttyUj  and  that  of  the 
Gregorian  die  new  ttyle. 
The  Gregorian  calendar  was  at  once  received  by  all  Roman 
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Catholie  coantries;  bat  It  wfts  liot  adopled  in  thi$  coontfy 
until  the  year  1752.  The  Rasstans,  and  otlier  members  of 
the  Greek  church,  sdU  adhere  to  the  old  style,  or  the  Julian 
calendar. 

MODEL  EXERCISES. 

These  questions  are  not  only  intended  to  give  an  analr 
ysis  of  the  matter  going  before,  but  also,  by  a  suggestive 
course  of  reasoning,  to  lead  the  pupfl  to  reflect  and  reason 
upon  the  knowledge  frhSch  has  been  communicated  to  him,  and 
even  in  some  cases  to  extend  it. 


THB  STARS* 

2Vadb«r.  Whst  b  the  point  directly  over  our  heads  called  ? 

Ptqnl.  Theienith. 

T.  What  do  you  mean  by  the  horizon  ? 

P.  That  line  oU  round  us  where  the  sky  and  the  eaith  appear  to  meet. 

T,  What  shiq>e  docs  the  hariBm  appear  to  have } 

P.  It  has  a  circular  shape,  and  bounds  our  view  on  all  ndes. 

T.  What  point  in  the  heavens  is  that  which  lies  direetly  bdow  our 
feet? 

P.  It  is  called  the  nadir. 

r.  What  would  our  zenith  be  to  a  peisoQ  living  on  the  opposite  side 
of  the  earth  ? 

P.  It  would  be  his  nadir. 

7*.  If  I  cut  a  globe  (say  an  ersnge)  mto  two  equal  ports,  what  is 
each  part  called  ? 

P.  Bach  part  is  callGd  a  hemisphere,  or  half  sphere. 

T.  What  do  the  heavens  appear  like? 

P.  A  vltft  dome^  or  concave  hemisphere. 

T.  Why  do  we  not  see  the  stars  during  the  day? 

P.  Because  of  the  superior  light  of  the  sun. 

The  teaolier  should  cobtinae  to  give  quatiansef  Ait  kind,  taking 
care  to  vary  their  form,  until  the  puj^  is  tiioRNi^Uj  master  of  the 
subject. 

CASDINAL  POINTS. 

Teacher.  In  what  part  <if  the  heavens  does  the  tun  tSas? 

*  PupiL  He  rines  in  the  eaitt,  and  aets  in  the 
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« 

r.  At  noon  the  ton  ibmei  cxacflj  upon  the  front  of  mj  hoxm;  now 
tdl  me  the  dizection  of  the  front  wall  (rf  mj  house. 
P.  It  must  lie  in  a  line  extending  from  east  to  west. 
T.  What  would  he  the  dixectian  of  each  gaUe  in  this  case? 
P,  Each  gable  wall  would  lie  in  a  line  esEtending  from  south  to  north. 


s 
hff.  32.    The  Caxdinal  Pointk 

7.  If  the  line  N  S  lies  north  and  south,  and  E  W  lies  east  and 
west,  how  do  these  lines  He  with  respect  to  each  other  ? 

P.  They  lie  at  right  angles  to  each  other ;  that  is»  W  E  is  at  right 
angles  to  N  S ;  or,  in  other  words,  W  £  is  perpendicular  to  X  S. 

T.  Describe  the  cardinal  points  in  a  map. 

P.  The  top  is  north,  the  bottom  south,  the  right  hand  east,  and  the 
left  hand  west. 

T.  What  will  be  the  directian  of  your  shadow  when  «you  go  home 
to-night^  supposing  the  sun  to  be  shining? 

P.  It  wiU  be  cast  towards  the  east 

And  so  on. 

DIURNAL  MOTION  OF  THS  HEAYSNS. — KAGNITUDB  OP 

THE   STARS. 

T0aeher,  What  is  meant  by  the  diurnal  motian  d  the  heavens  ? 

PupiL  The  daily  revolution  of  the  heavens  about  the  polar  star. 

T.  In  what  direction  does  this  apparent  motion  take  place  ? 

P.  From  east  to  west.  (Why  ?)  Because  the  stars  appear  to  rise  in 
the  east  and  set  in  the  west. 

T,  What  do  you  mean  by  a  body  having  an  apparmU  motion  ? 

P.  When  a  body  appears  to  us  as  if  it  moved,  without  mlly  domg 
sOk  we  mar  say  that  its  motion  is  only  apparent. 

7.  Howmany  stars  may  be  seen  with  the  naked  eye? 

P.  About  two  thousand. 
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r.  What  stun  aro  said  to  be  of  the  first  magnStade  } 
P.  The  largest  and  brightest. 
T.  What  stars  bekng  to  the  sixth  magnitude? 
P.  Those  which  are  Just  Tisible  to  the  naked  eye. 
Proceed  with  the  remainder  in  the  tame  manner. 


YIXKD    STABS    AND    PLANBTS. CONSTELLATIONS.  —  SIGNS 

OF   THE    ZODIAC. 

Teacher*  What  arc  fixed  stars  ? 

JFV^nJL  Those  stars  which  do  not  change  their  distances  from  one 
another. 

T.  What  are  those  stars  called  which  do  not  always  remain  in  the 
same  place? 

P.  They  are  called  jslanetB. 

r.  Which  stars  twinlde  most  ? 

P.  The  fixed  stars. 

r.  What  do  the  planets  look  like  when  viewed  through  a  good  tel- 


P.  They  look  like  little  luminous  bells. 

r.  What  is  a  constellation? 

P.  A  constellation  is  a  group  of  stars. 

T.  What  b  meant  by  the  two  pointers  in  Charles's  Wain  ? 

P.  Those  two  stars  in  the  back  of  the  supposed  wagon«  which  nearly 
point  towards  the  polar  star. 

T.  What  is  a  celestial  globe? 

P.  A  celestial  globe  represents  the  appearance  of  the  heaTcns,  with 
the  difoent  staxB  and  constellations  marked  upon  it. 

r.  What  is  the  upper  star  in  the  pcinteEB  called  ? 

P.  It  is  called  Dubhe. 

T.  Through  what  pardon  of  the  hearens  do  the  planets  iqipear  to 
moye? 

P.  Through  a  belt  or  band  of  stan»  oontaining  12  eonstdlatioos, 
called  the  signs  of  the  aodiac 

7.  What  is  the  ecliptic  in  the  heavens  ? 

P.  It  is  the  i^iparent  annual  path  of  the  sun.    It  is  marked  out  by* 
the  constellations  of  the  zodiac 

T,  Why  was  the  term  aodiac  given  to  these  oonstellations  ?    Can  you 
name  the  signs  of  the  aodiac? 
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GENERAL  PRiyCIPLES  OF  AflfTBQNOKT. 

Teacher,  Oljects  appear  to  us  to  become  leai  and  leas  as  they  vtt  re- 
mored  imai  us.  Give  some  familiar  iUustntiDii  of  tbis.  Descnbe  the 
appearance  of  a  baUoon  as  it  ascends. 

PypiL  As  the  baUoon  rises  in  the  air,  it  appean  to  US  to  become  smaller 
waA  smaller,  until  at  kngth  it  gets  so  fv  awaj  fxqtm  ns  aa  to  iq^p«w  wry 
little  larger  than  a  foot  balL 

r.  In  order,  therefore,  to  know  the  real  eize  of  a  body,  we  must  not 
only  observe  its  apparent  size,  but  we  must  also  know  jtadistaanaftpm  us. 
Now,  let  there  be  two  trees  of  the  same  height,  and  suppose  ona  of  them 
to  be  at  double  the  distance  of  the  other ;  what  would  be  their  i^paNBt 
magnitude  } 

P.  The  more  distant  tree  would  appear  only  about  half  the  rinr  a#  the 
other. 

7.  What  is  the  moon  ? 

P,  A  great  globe,  not  very  much  smaller  than  the  earth. 

T,  Why  does  she  appear  so  small  to  us  ? 

P.  Because  she  is  many  thousands  of  qiiles  finrni  us. 

7.  If  a  balloon  were  10  miles  Irom  us,  Jiow  wovild  it  appear  ? 

P.  I  should  say  that  we  could  not  see  it  at  all ;  or,  in  other  words,  it 
would  be  invisible. 

ST.  When  a  body  appeara  to  move,  this  appearanee  may  be  produoed 
in  two  ways ;  what  are  they  ? 

P.  First,  the  apparent  motion  may  be  produced  by  the  body  actually 
moTiog  in  the  direction  in  which  we  think  it  moves ;  and  secondly,  it 
may  be  produced  by  our  having  a  motion  in  a  directiGn  contrary  to  .that 
in  which  the  body  appears  to  move. 

T,  What  have  you  to  say  relative  to  the  appearance  of  objects  when 
you  are  moving  in  a  railway  carriage?  The  heavens  appear  to  turn 
round  in  every  24  hours ;  how  may  this  be  explained  \  What  is  the 
shape  of  the  earth  }  In  what  time  does  it  turn  upon  its  axis  }  What 
does  this  motion  of  the  earth  give  rise  to  ?  * 

7.  Give  me  a  familinr  instance  of  a  body  turning  or  spinning  round 
on  an  axis. 

P.  ▲  spiiming  top. 

T.  Where  is  the  axis  in  this  case  ? 

P.  It  is  the  line  round  which  it  appears  to  apin. 

T,  The  earth  moves  round  the  sun  in  the  course  of  a  year ;  how  does 
this  affect  the  appearance  of  the  smi  ? 

P.  It  gives  rise  to  the  o/paivn^  motion  of  the  sun  in  the  ecliptic 

*  The  pupil  is  supposed  to  answer  these  questions  in  succession. 
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T.  What  are  the  planets  ^  What  do  they  revoWe  round  ?  What  is 
the  Sim  to  them  ?  Whence  do  they  derive  their  B^  and  heat  ?  What 
is  the  path  of  a  planet  round  the  sun  called  ? 


SOLAR    STSTEM.. 

TVoolar.  Give  a  familiar  example  of  one  hody  revolving  round 
another* 

PtipiL  A  horse  revolving  round  i  man  in  the  centre  of  a  ring. 

T.  Of  what  does  the  solar  system  consist }  In  what  direction  do  the 
leading  planets  revolve  round  the  sun  ?  In  what  plane  do  the  orbits  of 
the  planets  nearly  lie  ^  In  what  direction  do  they  spin  round  on  their 
axes  ?  Name  the  planets  in  the  order  of  their  distances  ftom  the  sun. 
What  is  a  satellite  ?  How  many  primary  planets  are  there  at  present 
known  in  the  solar  system  ?  How  many  satellites  are  there  ?  Mention 
the  number  of  satdlites  which  respectively  revolve  round  the  different 
planets*  &c 

r.  If  I  move  this  orange  round  a  candk^  what  would  this  rudely  rep- 
resent? 

P.  We  may  consider  the  candle  as  the  smi«  and  the  orange  as  a  planet 
moving  round  him  in  its  orbit. 

T.  Now,  while  I  keep  the  orsnge  moving  round  the  candle,  suppose 
I  move  this  nnt  round  the  orange  in  such  a  manner  that  the  nut  shall 
make  about  12  revolutions  round  the  onoige  while  the  orange  makeaone 
revolution  round  the  candle ;  what  would  this  rudely  represent 

P.  It  would  represent  the  motion  of  the  earth  round  the  sun,  and  at 
the  same  time  the  motion  of  the  moon  round  the  earth. 

T.  What  are  comets }  Who  first  taught  correct  views  rdative  to  the 
solar  system  ?  Who  was  Pythagoras  ?  Who  rerived  the  system  first 
taught  by  Pythagoraa^ 


THE   EABTH  AND   ITS  MOTION. FOBM  AND  SIZE  OF 

THE   SABTH. 

Ttmeker.  Who  first  sailed  round  the  world  ? 

Pt^nL  Magellan. 

r.  Who  first  made  the  attempt  ? 

P.  fiehimhns. 

T.  If  the  earth  were  an  unbounded  flat  surfaoe,  what  would  be  tlie 
consequence  of  a  vessel  constantly  sailing  fitom  any  place  } 

P.  The  fimher  the  vessel  sailed,  the  fkrther  she  would  get  away  from 
the  place. 

35 
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r.  But  bhips  never  tail  in  a  direct  line  from,  any  place ;  how  then  can 
they  be  said  to  sail  constantly  in  the  same  direction  ? 

P.  Ships  may  sometimes  go  to  the  right  or  to  the  left  of  their  direct 
course,  yet  still  they  pursue  a  certain  general  direction. 

T,  Just  in  the  same  way,  you  might  say,  that  a  little  fly  may  more 
round  thiM  ghbe,*  though  the  creature  may  go  in  a  xigaag  course. 
AVhy  do  we  not  see  the  hull  when  a  ship  has  sailed  aooie  dfatance 
from  us? 

P,  Because  the  round  part  of  the  earth's  surftoe  comes  hctwctai  ns 
and  the  hulL 

r.  After  the  hull  of  a  ship  has  disappeared,  what  should  you  do  to 
get  a  sight  of  it  again  ? 

P.  I  should  get  to  the  top  of  some  high  tower  or  hiU. 

T.  What  is  the  shape  of  the  earth  ? 

P.  It  is  the  shape  of  a  ball  or  globe. 

T.  Some  boy,  I  think«  just  said  that  the  earth  is  round.  Now,  the 
upper  part  of  my  hat  is  rovmd;  is  the  earth,  then,  the  shi^  of 
my  hat? 

P,  Surely  not ;  the  earth  is  rmuid  in  €vmy  dineiwih  hot  your  hat  is 
round  only  in  one  direction. 

T,  What  shape  does  my  hat  now  appwr  to  have  ? 

P.  A  sort  of  oblong  shape. 

T.  How  do  you  know  that  the  earth  is  ruund  in  every  direction  \ 

P.  Because,  whererer  we  may  be,  we  always  find  that  the  hocizon  has 
a  round  shape ;  whidi  shows  that  the  earth  must  be  every  where  round 
to  present  this  appearance. 

r.  What  do  you  think  that  seamen  do  when  they  want  to  observe  a 
dL<:tant  8ail  ? 

P.  They  climb  to  the  topmast 

r.  ^Vhy  ? 

P.  That  they  may  see  a  greater  way  over  the  ocean. 

r.  (Moving  his  finger  round  the  globe.^  What  has  my  finger  moved 
over? 

P.  The  circumference  of  that  globe. 

7.  \Vhat  is  a  Une  going  through  the  gl6be  oalled  ? 

P.  The  diameter. 

T,  If  the  line  only  went  to  the  centre,  what  would  it  then  be  called  ? 

P.  The  radius. 

r.  %V'hat  part  of  the  diameter  is  the  raditis  ? 

*  In  gi\ing  these  lessons,  the  teacher  must  be  provided  with  a  smaU  white 
globe,  having  a  rod  passing  through  it  to  represent  the  axis  of  the  earthf  and 
having  also  all  the  essential  lines  upon  the  terrestrial  globe,  painted  in  strong 
black  lines. 
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P.  Onoholfl 

T.  Now,  in  this  globe,  every  point  on  the  turface  10  at  the  nme  dis- 
tance fiom  the  centre.  What  have  you,  then,  to  say  respecting  the  radii 
of  a  globe? 

P.  lliat  they  are  all  equal  to  each  other. 

T.  How  many  times  is  the  circumferenoe  of  a  globe  greater  than  the 
diameter? 

P.  A  little  more  than  three  times.* 

7*.  If  the  length  of  a  line  stzetching  from  London  to  York  be  200 
miles,  how  many  times  must  this  line  be  repeated  to  go  round  the 
earth? 

P.  About  126  times ;  because  26,000  divided  by  200  gives  125. 

T.  How  long  will  it  take  a  man  to  walk  round  the  euth,  supposing 
that  he  travels  26  miles  every  day  ? 

P.  About  1000  days,  or  nearly  three  yean ;  because  the  number  of 
miles  travelled  per  day  sb  26  miles. 


DIUBNAL  MOTION  OF  THB  EARTH. -^  LIKK8  UPON  THE 

GLOBE. 

Teaeker.  How  much  of  the  earth's  razftoe  does  the  son  cnlightm  at 
one  time  ? 

Pvpa.  OnehaUl 

7.  By  what  means  is  every  part  of  the  earth's  suzfkce  brought  within 
the  light  and  heat  of  the  sun  ? 

P.  The  earth  is  made  to  turn  round  upon  its  axis  in  the  course  of 
erery  day. 

r.  (Turning  a  globe  round.)  Now,  where  is  the  axis  in  this  revolving 
globe  ?    Is  there  a  real  axis,  or  only  an  imaginary  one  ? 

P.  The  axis  is  only  imaginary,  and  it  is  the  Hne  about  which  the 
globe  appears  to  turn. 

T.  ^^^hat  have  you  now  to  say  respecting  the  axis  of  the  earth  ? 

P.  That  it  is  the  line  about  which  the  earth  appears  to  turn. 

T.  What  arc  the  poles  upon  the  earth  ? 

P.  The  two  points  where  this  imaginary  axis  meets  t}ie  earth's  surfluse. 

7*.  On  what  point  is  my  finger  now  placed  ? 

P.  On  the  north  pole. 

T.  (Tracing  the  equator  with  his  pointer.)  What  is  this  line  called, 
and  how  is  it  placed  with  respect  to  the  poles  ? 

P.  It  is  called  the  equator*  and  lies  at  the  same  distanffip  from  either 
of  the  poles. 

*  The  ratio  oommonly  given  is  3*1416. 
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T.  How  doei  tbe  equator  dinde  the  globe  ? 

P.  Into  two  equal  parts.  One  ii  called  the  nortlMsn  henu8p}iere»  and 
thff  other  the  aoutbeni  heninihere- 

T.  Upon  what  hemiaphere  it  mj  hand  now  placed  ? 

P.  The  northem  hem^ihere. 

T.  Is  thoe  any  other  way  in  which  the  changes  of  day  and  night 
might  be  produced  ? 

P,  Yes ;  the  sun  might  tun  round  the  earth  in  the  course  of  a  day. 

r.  If  a  poor  woman  wanted  to  roast  a  joint  of  mutton  before  the  fire, 
what  would  she  do  in  orda  to  have  every  part  equally  roasted } 

P,  She  would  tie  a  piece  of  string  to  the  mutton,  and  make  it  spin 
round  b^oie  the  fire. 

T,  Is  there  any  other  way  in  which  this  might  be  ^kne  ?  Now  think. 

P.  The  firo  might  be  made  to  turn  round  the  meat. 

7*.  But  which  of  these  methods  is  the  better } 

P.  The  fiist  method,  certainly ;  because  it  must  be  fax  less  trouble  to 
make  the  meat  turn  round  beforo  the  fire  than  to  make  a  machine  fijr 
turning  the  fire  round  the  meat. 

T.  What  should  you  say  if  a  man  proposed  to  do  this  ? 

P.  That  although  he  might  show  some  ingenuity,  yet  he  would  be  a 
very  foolish  person. 

7.  Kow,  it  is  equally  ridiculous  to  suppose  that  the  sun  tuns  round 
the  earth.  It  is  too  monstrous  for  us  to  conceive  it  possible  that  Al- 
mighty God,  who  IB  the  fountain  of  all  wisdom  and  goodness,  could  effect 
any  of  his  purposes  by  the  agency  of  means  which  it  would  appear  un- 
suitable, even  on  the  part  of  his  creatures,  to  employ. 


tATITVDE  AND  LONGITUDE. 

Teacher.  (Moving  his  pointer  round  the  globe.)  How  many  degrees 
have  I  moved  my  pointer  over  ? 

P^L  360<>. 

r.  (Moving  Ins  pointer  fipom  the  pole  to  the  equator.)  How  many 
degrees  have  I  now  moved  my  pointer  over  ? 

P.  90^,  or  a  quadrant. 

r.  Why? 

P.  Because  it  is  a  quarter  of  the  whole  drcumference,  and  the  quarter 
of  360®  vnll  be  90°. 

T,  Kow,  knowing  the  circumfSerence  of  the  earth  to  be  25,000  miles, 
I  want  you  to  tell  me  the  length  of  P  ? 

P.  About  09|  miles ;  because,  the  length  of  the  whole  drcumftrenoe, 
or  360^  being  25,000  miles,  the  length  of  1<>  will  be  the  360th  part  of 
2o,000  miles,  or  69J  miles  nearly. 
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■ 

7*.  (Moring  his  pointer  orer  a  meridian.)    What  is  tills  line  called  ? 

P.  It  is  a  meridian. 

T.  (Moving  his  pointer  on  the  equator,  between \he  first  meridian  imd 
the  meridian  passing  through  a  place.)    What  is  this  distance  called  ? 

P.  The  longitude  of  the  place  through  which  the  meridian  passes. 

T,  (Putting  his  pointer  on  a  place  in  North  America.)  What  kind 
of  longitude  will  this  place  have  ? 

P.  West  longitude. 

7.  (Moving  his  pointer  on  a  parallel  of  latitude.)  What  is  this  line 
called? 

P.  A  parsllel  of  latitude. 

ir.  ^Vh7  is  it  called  a /NiraA;/ of  latitude  ^ 

P.  Because  it  is  drawn  parallel  to,  and  even  with,  the  equator. 

T.  (Putting  his  pointer  on  a  place  in  the  southern  hemisphere.)  What 
kind  of  latitude  yfiXL  this  place  have  ? 

P.  South  latitude. 

T.  Here  is  a  meridian  passing  through  a  place.  Now,  if  this  distance 
(tracing  with  his  pointer  the  distance  between  the  place  and  the  equator) 
be  35^,  what  is  the  latitude  of  the  place  ? 

P.  360. 

T.  Upon  what  line,  then,  is  the  latitude  of  a  place  measured  ? 

P.  Upon  a  meridian  line  passing  through  the  place. 

7*.  How  many  things  must  be  given  to  fix  the  position  of  a  place  upon 
the  earth? 

P.  Two  things  :  the  longitude  and  latitude. 

r.  Is  this  parallel  of  latitude  a  great  or  small  circle  ? 


PROBLEMS    ON    LONGITUDE. 

TkMsW.  When  it  is  noon  at  Greenwich,  what  time  will  it  be  to  a  place 
having  46^  west  longitude }    Ant.  Nine  o'clock  in  the  momiog. 

7.  When  it  is  noon  at  Greenwich,  what  time  will  it  be  to  a  place 
hanng  eo^*  east  lon^ude  ? '  Am^  Four  o;clock  in  the  afternoon^   . 

T.  When  it  is  noon  with  us,  what  time  will  It  be  to  all  places  qn  onr 
opposite  meridian  ?    An$.  It  will  be  midnight. 

7.  Li  what  time  will  the  earth  turn  round  1^  ?    Am,  4  miniites. 

Because^  time  in  moving  round  360^  ^  24  hours ; 

-      24X60-   . 

••  «•  l°a«— TTrr— mm.  =  4  nun. 

360 

7.  When  it  is  noon  at  Greenwich,  what  time  will  it  be  to  a  place 

having  40^  east  longitude  ? 

It  has  been  ahoim  in  the  last  question  thait  places  hsving  a  difE^ience 

S6* 
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of  1^  of  longitude  will  bare  a  difference  of  four  iniinites  in  time  ; 
fore,  A  diffEvence  of  40°  in  longitade  will  have  a  difierence  of  time  eqwd 
to  fiorty  times  fofur  tt'I^i***,  or  two  houn  and  forty  minutes.  But  u  the 
place  has  cast  longitude,  it  will  have  its  noon  befiire  us,  and  cQnaeq;uenl2j« 
when  it  is  noun  with  us,  it  wiU  be  two  hours  forty  minutes  past  noon  t^ 
the  place. 

7*.  The  captain  of  a  sh^  finds  that  the  pqinter  of  hia  cW^»  lF:w|Wfiy 
Greenwich  time^  is  at  four  o'cfeck  in  the  afternoon  when  the  am  is  in 
the  meridian  of  the  place  of  observatiaii ;  what  is  the  hmgitiide  of  the 
ship  ?    Ahm,  60°  west  longitude..  « 

T,  If  the  pointer  of  the  dock,  in  the  last  PTample,  be  at  seven  o'doA 
before  noon*  what  will  then  be  the  longitude  r    Ant,  75°  east  ki^^itade. 


THE   TROPICS   AND   ECLIPTIC. THK  ZONES. 

Teacher,  (Moving  his  pointer  on  the  tropic  of  Caneer.)     Wkat  is  this 
line  called? 

PupiL  The  tropic  of  Cancer. 

r.  ^Vhen  docs  the  sun  shine  peqiendiculariy  over  thia  Unet 

P.  On  our  midsummer  day,  cr  the  21st  of  June. 

7*.  (Moving  his  pointer  on  the  arctic  circle.)  WhatistiusBneoaSed? 

P.  The  arctic  circle. 

7.  What  places  this  line  upon  the  globe? 

P,  The  fact  that,  on  our  midsummer  day,  the  son's  light  extends  834^ 
over  the  north  pole. 

r.  (Moving  his  pointer  on  the  tropic  of  Capricorn.)    What  is  this 
line  called  ?    And  why  is  it  placed  here  ? 

P,  The  tropic  of  Capricorn.    The  son  shines  peipeDdicalaily  orcr  it 
on  our  midininter  day,  or  the  21st  of  December. 

7.  (Tracing  out  the  torrid  aone.)    What  tone  is  this  ? 

P.  The  torrid  zone. 

T,  By  what  lines  is  it  bounded  ? 

P.  It  is  bounded  by  the  tropioB  of  Cancer  and  Capricorn. 

T.  (Tracing  out  the  temperate  aone.)    What  lone  is  this,  and  haw  m 
it  bounded  ? 

P.  It  is  the  temperate  aon^  and  it  is  bomided  by  the  tro{Mc  of  Cancer 
and  the  arctic  circle. 

T.  How  many  zones  are  there^  and  what  are  they  called  ? 

P.  There  are  five  aoues :  the  torrid,  the  two  temperate,  and  the  two 
frigid  lones. 
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ANNUAL  MOTION   OF  THB  EARTH.  —  CAU9B   OF  TH8 

SEASONS. 

Teacher.  (Moving  the  globe  round  the  candle,  &c.)  How  many  mo- 
tion>  has  this  globe } 

Pt^iU  It  has  two  motions :  one  on  its  axis,  and  the  other  nnuid  the 
candle,  which  we  suppose  to  represent  the  sun. 

T.  What  are  these  two  motions  of  the  earth  cal]^  ?     ' 

P.  The  one  is  called  the  diurnal  motion,  and  the  other  the  fsmwil 
motion. 

T.  Where  is  the  orfr»<  of  this  globe? 

P.  That  line  or  path  in  which  it  is  moving  round  the  candle. 

T.  (Bringing  the  globe  to  the  pontion  e.  See  Fig.  14,  p.  874.)  Now, 
when  the  earth  is  in  this  position,  what  season  have  we  ? 

P.  Summer,  because  the  sun  shines  more  over  the  northem  than  over 
the  southern  hemisphere. 

T.  (Holding  a  pointer  from  the  candle  to  the  tropic  of  Cancer  e.)  To 
what  point  on  the  earth's  surfiux  would  the  son  be  now  shining  perpen- 
dicularly ? 

P.  To  a  point  in  the  tropic  of  Cancer. 

T.  How  much  on  every  side  of  this  point  will  the  sun's  light  extend  ? 

P.  It  will  extend  90^  over  the  earth  on  every  nde,  because  the  swi 
enlightens  one  half  the  earth  at  one  time. 

7*.  How  far  over  the  north  pole  will  his  light,  tlierefiie,^at  this  time 
extend? 

P.  As  much  over  the  north  pole  as  the  tro|^  of  Cancer  is  ftom  the 
equator,  that  is,  231^. 

And  so  on  to  the  posttians  d;  f  ,  and  h. 


Fig.  33.    ParaOdism. 


TVocAsr.  (Moving  a  rod  without  changing  its  diiectkm.)    What  have 
you  to  say  with  regard  to  the  position  of  this  rod  ? 
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Pvipa.  That  althcmgli  H  is  being  mored  in  a  ditile^  yet  it  sdll  main- 
taint  its  jMroflWaMi. 

T.  Just  in  the  same  way,  yon  might  say,  sa  the  earth  pnserres  the 
paraDdism  of  its  axis  while  it  rarolTes  round  the  sun.  What  do  yoa 
mean  by  the  parallelism  of  the  earth's  axis  \ 

P.  lliat  it  is  alwmys  paiaDel  to  itid(  or  that  it  ooDstantly  lies  in  the 


r.  (Moring  the  globe  round  the  eandle,  with  the  axis  verticaL)  Why 
does  this  position  of  the  axis  not  aooount  fir  the  aeaaons  ? 

T.  Because  the  sun  would  always  shine  peqiendicularly  orar  the 
equator,  and  therefioe  both  hemiapheres  would  always  enjoy  the  same 
amount  of  light  and  heat. 

7.  What  things  are  necessary  in  order  to  aooount  tat  the  seasons  ? 


The  remainder  of  the  ikA  may  be  dissected  in  the  same  manner. 


ON  THE  USE  OF  THE  GLOBES. 

THE  TERRESTRIAL  GLOBE. 

OXF1NITIOK8  ASD   EZFLA!ri.TI0N8. 

1.  A  jfiobe,  or  sphere,  is  a  round  body,  wboee  surface  u 
every  where  at  the  sftme  distance  from  a  point  within  it  called 
the  centre. 

A  plane  passing  through  the  centre  of  a  sphere  divides  it 
into  two  eqnal  parts,  called  hamitphert* ;  and  the  section,  or 


Fig.\.   A  Hemiqiba*.  F^.2.   A  B^ment  of  a  Sphov. 

cgt,  forms  a  greta  eirek  of  the  sphere.    All  great  circles  on 
the  same  sphere  are  obvioualf  equal  to  one  another. 

When  the  sphere  is  cut  by  a  plane  which  does  not  pass 
through  the  centre,  it  is  divided  into  two  nneqoal  paifs,  and 
tlie  section  fitnns  a  tmaU  eireU  of  the  sphere.  The  sia^e  of 
these  drclea  depends  upon  the  distance  at  which  the  sphere  is 
cut  frota  the  centre. 

If  *  drmlsr  bncp  be  whiiled  toand,  it  will  docribe  or  tnce  tmt  the 
Buiace  of  A  spbcK. 
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Two  great  cirdefl  od  a  sphere 
Tide  each  other  into  equal  parts.  • 

ThcK  drdeB  cron  each  ether  like  two 
equal  hoops :  thus,  the  two  hoope  £  Q  and 
C  D  cron  each  other  at  tbepouitB  A  and 
B,  making  ACB,ABD.AEB,and 
A  B  Q  each  equal  to  semiciiclfli^  The  pole 
of  a  great  dicle  on  a  sphere  is  erciy  where 
90  degrees  distant  ham  it. 


2.  All  circles  on  the  giobe  are  supposed  to  be  divided 
into  360  equal  parts,  as  in  Fig.  4, 
called  degrees.  Each  quadrant  of 
the  circle  therefore  contains  90  de- 
grees. By  means  of  these  d^rees 
the  magnitudes  of  angles  are  meas- 
ured :  thus,  for  example,  the  an^e 
A  G  K,  formed  bj  the  two  lines 
A  C  and  C  K,  contains  40  degrees. 

8.  The  termtrial  ghbe  is  made 
to  represent  the  earth.  Upon  the 
surface  of  this  globe  is  drawn  the  outline  of  the  land  and 
water,  according  to  their  relative  size  and  situation,  together 
with  the  Tariotts  lines  and  points  which  have  been  invented 
for  assigning  the  exact  position  df  {i  place  upon  the  earth. 

4.  The  axi$  of  the  earth  is  an  imaginary  line,  passing 
through  the  centre,  upon  which  the  earth  turns. 

globe»  by  the  wixe  which 


#j^ 


fV.4. 


This  line  is  reptesented,  in  the 

thioiigh  the  noith  and  soath  poles. 


5.  The  poles  of  the  earth  are  the  two  extremities  of  the 
axis.  One  pole  is  called  the  noWA  or  arc(ic|>o2e,  the  other, 
the  south  or  antarctic  pole. 

6.  The  equator  is  a  great  circle  passing  round  the  globe  at 
equal  distances  from  the  poles.  It  divides  the  globe  into  the 
northern  and  southern  hemispheres^ 

The  equinoctial  is  the  equator  referred  or  extended  to  the 
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heavens.    When  the  sun  appears  in  the  equinoctial,  the  days 
and  nights  are  equal  all  over  the  world. 

7.  Meridian$^  or  Une9  of  longitude^  are  semicircles  extend- 
ing hetween  the  two  poles.  These  lines  cut  the  equator  at 
right  angles. 

The  meridian  passing  through  Greenwich  is  called  ihsbfirzt 
meridian. 

8.  The  brazen  meridian  is  the  circle  of  brass  within  which 
the  artificial  globe  turns  on  two  axes  representing  the  poles 
of  the  earth.  One  half  of  the  brass  meridian  is  graduated 
from  the  equator  to  the  poles,  that  is,  the  point  over  the  equa- 
tor is  marked  0,  and  the  point  over  the  poles  b  marked  90  ; 
this  enables  us  to  find  the  latitude  of  a  place ;  the  other  halt' 
of  the  brass  meridian  commences  with  0  at  the  pole,  and  enda 
with  90  at  the  equator ;  this  enables  us  to  elevate  the  pole  to 
the  latitude  of  the  place. 

9.  Tlie  longitude  of  a  place  is  the  distance  of  the  meridian 
passing  through  that  place  from  the  first  meridian,  reckoned 
in  degrees  on  the  equator.  Longitude  is  either  east  or  west, 
according  as  tlie  place  lies  to  the  east  or  west  of  the  first  me- 
ridian. The  edge  of  the  brazen  meridian  is  usually  employed 
for  drawing  a  meridian  through  any  given  place. 

10.  ParaUeh  of  latitude  are  small  circles  drawn  parallel  to 
the  equator. 

The  polar  distance  of  a  place  is  its  distance  from  either  of 
the  poles. 

11.  The'  latitude  of  a  place  is  its  distance  north  oc  south 
from  the  equator,  reckoned  in  degrees  on  the  brass  meridian. 

12.  The  tropicM  are  two  small  circles  drawn  parallel  to  the 
equator  at  the  distance  of  23^  degrees  from  it.  The  tropic 
in  the  northern  hemisphere  is  called  the  tropic  of  Cancer^  and 
that  in  the  southern  hemisphere  the  tropic  of  Capricorn, 

18.  The  polar  eirclee  are  two  small  circles  drawn  parallel 
to  the  equator  at  the  distance  of  23^  degrees  from  the  poles. 
The  north  polar  circle  is  called  the  arctic  circle,  and  the  south 
polar  one  the  antarctic  circle. 
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14.  The  zones.  —  The  earth  k  divided  by  the  tropiA  tod 
polar  circles  into  five  parts,  called  the  sones.  The  portuMi 
lying  between  the  tropics  of  Cancer  and  Capricorn  0  called 
the  torrid  zone  ;  between  the  tropic  of  Cancer  and  the  aredc 
circle,  the  north  temperaU  zone;  between  the  tropic  of  Capri- 
corn and  the  antarctic  circle,  the  eauti  temperate  zone ;  be- 
tween the  arctic  circle  and  the  north  pole,  the  nofA  fri^d 
zone;  between  the  antarctic  circle  and  Che  sovth  pole,  the 
eotuh  frigid  zone. 

15.  The  ecliptic  is  a  great  circle  representing  the  sun's  ap- 
parent path  throughout  the  jear.  It  passes  through  the  trop- 
ics of  Cancer  and  Capricorn,  and  is  inclined  to  the  equator  at 
an  angle  of  2d<)-  degrees.  The  two  points  where  it  cuts  the 
equator,  or  equinoctial,  are  called  the  equinoetid  pointu 

16.  Sign*  of  the  xorftiur.  — The  ecliptic  is  divided  Into  12 
equal  parts,  called  the  signs  of  the  sodiac ;  each  part  therefiire 
contains  30  degrees.  There  are  six  northern  signs  and  six 
southern  ones.  The  sun  appears  in  the  former  during  our 
spring  and  summer  months,  and  in  the  latter  during  our  au- 
tumn and  winter  months.  The  days  on  winch  the  son  enters 
the  different  signs  are  as  follows: — 

Northern  Signe  of  the  Zodiac. 

Spring  Signs. 

cp  Arictt  the  Ram«  2l8t  of  March. 
B  Taurttf,  the  Bull,  19th  of  ApriL 
n     OMhkki,  the  Twin%  20th  of  May. 

^  Summer  Signs. 

S    CoMcsr,  the  Crab»  2l8t  of  June. 

^    Lsot  the  laon,  22d  of  July. 

ng     Fwyo,  the  Vizgm»  22d  of  August. 

Southern  Signe  of  the  Zodiac. 

Autumnal  Signs. 

^    Libra,  the  Balance,  23d  of  September, 
ni     Scorpio,  the  Scorpion,  23d  of  October. 
/     Sayittartfa,  the  Archer,  22d  of  November. 
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Winter  Signs. 

\lf    Caprieormt9»  the  Qtwt,  21ft  of  December, 
m    il^uoTHMt  the  Watecman,  20th  of  Januerj. 
H     J'MMt^  th^  Fiihos,  19th  of  February. 

17.  The  egwfnactiat  ^inis  (that  is>  the  two  points  where 
the  equator  cuts  the  ecliptio)  are  Aries-  and  Libra.  The  for- 
mer  point  is  omiiled  the  vernal  equinox,  and- the  latter  the  au* 
tumnal  equinox^  When  the  sun  is  in  either  of  these  points, 
the  days  and  nigUts-aisa- equal  ail' over  the  world. 

18.  The  MolstUxal  poinU,  are  Cancer  and  Capricorn.  When 
the  sun  is  in  or  neap  these  pojats,  the  TariatioA  in  the  length 
of  the  days  is  scaroelj  perceptible*  When  the  sun  enters 
Cancer,  it  is  the  longest^  day-to  all  the  inhabitants  in  the  north- 
em  hemisphere,  and  the  shoctesfe  day  to  those  in  the  southern 
hemisphere.  On  the  contrarji^  when  the  sun  enters  Capri- 
Qom»  it  is.  the  shortest  day  to  the  people  who  live  in  the  north- 
em  hemisphere,  and  the  longest  to  those  who  live  in  the  south- 
ern; hemisphere* 

19.  The  oolurei  are  two. great  circles  which  pass  through 
the  poles;  one  of  themt  called  the  equinoctial  colurey  passes 
through  the  equinoctial  points ;  the  other,  called  the  solstitial 
eolui%  passes,  through  the  solstitial  points. 

The  principal  lines  on  the  globe,  which  have  just  been  described^  are 
wpmaiftad  in  the  anneaed  fig^ure;  thus  N  S  repmenta  the  aaua  of  the 
earth;  N,  the  north  pole;  S,  the  south  pole;  £  Q,  the  equator ;  £  Q  N, 
the  nosthfrn  hepnii^ikhere ;  B  Q  S,  the  southern  hemiapbere ;  rf  <  S,  a 
meridian;  L  Ti  e  i^^rallel  of  latitude;  L  N,  the  polar  distance  of  L; 
e  o,  the  tropic  of  Cancer;  gp^  the  tropic  of  Capricorn  ;  d  «,  the  acetic 
circle;  /  9»  the  antarctic  circle;  the  sur&ee  o^  the  earth  Vpsk%  between 
0^9  and-^ p%  the  laiiM-*  aone;  betHBeu  o  «  and*  d  e*  the  aosth  temperate 
aooe;  hctiwwit  d  »aad  the  north  polc^  the'ttocth  frigid  aone^  between  ^/i 
^^^f'90  theacpitii  ttSEkpecate  zone ;  and  between  / q  and  the  south  pole, 
the  south  frigid  sone;  e  p,  the  ecliptic ;  C,  one  of  the  equinoctial  points; 
e  and  j9,  the  solstitial  points ;  the  great  circle  K  C  S  going  round  the 
earth,  the  equitioctial  colure ;  and  N'  e  S  v,  the  sdlstitial  oolure. 

20.  Tha  amM  U  that  point  in  the  heaven^  direotly.  over 
oat  haadsh 
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21.  The  nadir  iB  that  point  in  the  heavens  whidi  lies  di* 
rectly  below  our  feet 

22.  Antipodei  are  those  people  who  live  on  opposite  sides 
of  the  earth,  and  therefore  walk  feet  to  feet  Their  latitudes, 
longitudes,  days  and  nights,  seasons  of  the  year,  are  all  con- 
trary to  each  other. 

23.  The  horizon  is  of  two  kinds :  the  sensible  or  lisible 
horizon  and  the  rational  or  true  horizon. 

The  iemibU  or  visible  horizon  is  that  circle  on  the  earth 
which  kounds  our  view. 

The  rationed  or  true  horizon  is  ^  great  circle  of  the  heav- 
ens, every  where  90  degrees  from  the  zenith.  The  stars  rise 
and  set  when  they  appear  on  this  line. 

24.  The  alHtude  of  any  object  in  the  heavens  is  its  distance 
from  the  horizon.  When  the  body  is  on  the  meridian,  sudi 
as  the  sun  at  noon,  the  altitude  is  then  called  the  meridian 
altitude* 

25.  The  zenith  dittanee  of  a  celestial  body  is  its  distance 
from  the  zenith. 

26.  The  quadrant  of  altitude  is  a  thin,  flexible  slip  of  brass, 
divided  upwards  from  0  to  .90  degrees,  and  downwards  from 


I 
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0  to  18  degrees.  It  admits  of  being  screwed  to  the  brazen 
meridian.  The  upper  divisions  are  osed  for  finding  the  dis- 
tances between  places  on  the  earth,  the  altitude  of  the  heav- 
enly bodies,  &c.,  and  the  lower  divisions  are  used  for  finding 
the  duration  of  twilight 

27.  Azimuth  or  vertical  circle*  are  great  circles  passing 
through  the  zenith  andVadir  points,  cutting  the  horizon  at 
right  angles.  The  altitudes  of  the  heavcnlj  bodies  are  meas- 
ured on  these  circles.  This  is  done  by  screwing  the  quadrant 
of  altitude  on  the  zenith  of  the  place  of  observation,  and  mov- 
ing the  slip  of  brass  until  its  graduated  edge  passes  through 
the  body. 

28.  The  azimtifii  of  any  celestial  body  is  an  arc  of  the  ho- 
rizon lying  between  a  vertical  circle  passing  through  the  body 
and  the  north  or  south  points  of  the  horiz<m. 

29.  The  amplitude  of  any  celestial  body  is  the  distance 
at  which  it  rises  from  the  east  or  sets  from  the  west. 

80.  The  cardinal  paints  are  the  east,  west,  north,  and 
south  points  of  the  horizon. 

31.  A  mariner'e  compasi  consists  of  a  card,  representing  the 
horiz(xi,  divided  into  thirty-two  equal  parts,  called  points  of 
the  compass,  together  with  a  magnetic  needle  which  always 
turns  its  north  pole  tawarde  the  north.  By  this  valuable  in- 
strument seamen  direct  the  course  of  their  ships,  and  engi- 
neers and  travellers  can  at  any  time  ascertain  the  cardinal 
points  of  the  horizon. 

« 

The  needle  does  not  exactly  point  north  and  sooth.  In  England,  at 
the  present  time,  the  north  pole  of  the  needle  points  about  24  degrees  to 
the  westward  of  the  north.  In  laying  down  a  meridian  line,  an  allow- 
ance must  be  made  ibr  this  variation. 

The  oompass  is  placed  beneath  the  artificial  globe  fcr  setting  it  due 
north  and  south. 

« 

82.  The  wooden  horizonj  surrounding  the  artificial  globe, 
represents  the  rational  horizon.  It  is  usually  divided  into 
seven  concentric  cirdes :  ih%jir9t  is  for  finding  the  amplitude 
of  heavenfy  bodies.    The  eeeond^  for  finding  their  azimuth. 
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The  MiW  oontaitis  the  thiny-two  points  of  the  coiMjMito.  l%e 
fourth  contains  Che  twelve  signs  of  the  zodiacy  with  the  de- 
•  grees  of  each  sign.  The^Ui  oontaias  the  days  of  the  month, 
corresponding  to  every  degree  of  the  sun's  place  in  the  edip- 
ticy  as  indicated  in  the  fourth  circle.  The  gktth  (xMitluns  tlie 
equation  df  time,  that  is,  the  difference  of  lime  betwig^n  a  dock 
and  a  sun  dial.  The  %evenA  contains  the  twelve  ddiaidar 
months. 

88.  The  h(f^ir  eirde  is  a  ffftt  ring  of  bntts,  turning  under 
the  brazen  meridian,  on  the  axis  or  pole  of  the  arlifioiftl  gkibe. 
It  is  divided  into  (wenty'^fMir  equal  parts,  tepvesenitng  houes. 
It  id  used  for  finding  the  difference  of  time  between  any-gflv^eii 
places,  the  length  of  the  day,*&c.  • 

84.  Tlie  dedHfMi<m  of  '#he  'sMi  'Is  4ils  dlMHflde,  UO^h  ^ 
south,  from  the  eqtiihoctictL  {Attlie  equfnOKes  he  IMK  ao  <tec- 
linstton ;  ftt  the  tro|nc  of*  Cuncer  4^  htts  HMMHied  *hte  greatest 
northern  de<?ftnittion  ;  '^nd  M  %he  4tOjp4c  Of  'Cafritam  he  luft 
attained  h^  gfeoflest'lMiutMfn  "^kiicllMBli^ii. 

35.  The  right  ascension  of  the  mm  is  tlK'diatatiw^f  liie 
meHilKn,  piteBling  throogli  fife  Hmffs  ^plaee  in  ihiefpiipMc,  Mm 
the  equinoctial  point  Ati^  redtoned  In  degfrefes  eoMwavd'on 
tfie  equator  or  equinoctial: 

36.  A  right  sphere  is  that  position  of  the  eardi  -where  the 
pdes  are  in  the  horizon,  and  die  equator  pasftes  -through  the 
zenith  and  nadir.  The  people  who  live  at  the  equator  have 
this  position  of  the  sphere! 

37.  A  parallel  sphere  is  that  position  of  the  earth  where 
the  poles  are  in  the  zenith  and  nadir,  and  the  equator  t^ 
inoideB  with  the  horizon.  If  there  were  any  people  living  at 
the  poles,  they  would  have  this  position  of  the  sphere. 

38.  An  oblique  sphere  is  that  position  of  the-earlh  wh^re 
the  equator  cuts  the  horizon  obliquely.  All  the  pec^le  on  tin 
earth  (excepting  those  that  live  at  the  equator  and  the  poles) 
have  Uiis  position  of  the  sphere. 
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PROBLEMS  ON  THE  TERRESTRIAL  GLOBK 

Pboblbm  I.  7b  find  As  latitude  and  bngituds  of  amy 
given  jJact. 

Rule.  Bring  the  giyen  place  to  the  east  edge  of  the  brass 
meridian :  the  degree  directly  over  the  pUice  is  the  latitude ; 
and  the  degree  on  the  eqaator  cat  by  the  brass  meridian  is  the 
longitude. 

The  latitude  of  a  place  maj  be  north  or  sooth,  and  the  lon- 
gitude east  or  west.  * 

Examples. 


1.  Wbftt  is  the  latitude  and  longitude 
AnMtper.    4S^  60'  north  latitude,  and  2°  20^  eaat  kngitadei 
Requited  the  latitudes  and  longitudes  of  the  Allowing  places : — 

2.  Borne;  3.  South  Cape^  Sfatsbeigen;  4.  ICalta;  5.  C^pe  Horn; 
6.  AjBores. 

7.  What  is  the  latitude  and  longitude  of  the  north  pole  ^ 
'  8.  What  is  the  greatest  latitude  a  place  can  have  ? 

9.  What  is  the  greatest  longitude  a  place  can  hare  ? 

10.  What  part  of  the  earth  is  that  which  has  no  latitade? 

Answbbs. 

(2.)  410  54'  N.  lat,  and  12"^  27'  £.  kmg. 
(3.)  78^  82'  N.  lat.,  and  13<'  46'  £.  long. 
(4.)  86^  63'  N.  hit,  and  14^  30'  £.  long. 
(6.)  66^  68'  8.  lat.,  and  67^'  11'  W.  long. 
(6.)  39^  N.  lat,  and  2»^  W.  long. 

(7.)  OO^N.  lat.;  (8.)  9QP;  (9.)  ISO^'east  or  wert  kngitade;  (10.) 
The  equator. 

Problem  IL     To  find  tmy  place  on  the  glohe^  haoing  iU 
latitude  and  longitude  given. 

m 

Rule.     Find  the  given  longitude  on  the  equator,  and  bring 

it  to  the  brass  meridian ;  find  the  given  latitude  on  the  brass 

meridian,  and  the  place  immediately  under  will  be  the  place 

required. 

Examples. 

(1.)  What  place  hai  20®  north  latitude*  and  76«  wot  kngitade? 
Amwer.    The  Idand  of  Cuba. 

86» 
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What  plaooi  have  neioiy  the  IbDowing  latStodtt  and  longitadeB  ? 
(2.)  H^  N.  hit.,  and  IW  B-  laog, 
(8.)  3(P  N.  lat^  and  31^  £  tag. 
(4.)  21«  S.  Ut.,  and  65^^  £.  long. 
(6.)  29^  N.  lat.,  and  18<»  W.  long. 
(6.)  3i^  8.  kt.,  and  1S<»  £.  long. 

Antwen,    (2.)  Dantiic;  (3.)  Oaiio;  (4.)  Uand  of  Bouiiin;  (5.) 
Cnary  bliiida,  Pahna;  (6.)  O^  of  Good  Bage  town. 

Pboblbx  III.  To  Jmd  aU  iho$e  places  which  haoc  tke 
game  iaiitude  at  a  given  place. 

Rule.  Bring  the  given  plAce  to  the  brass  meridian,  and 
find  its  latitude  ;  tutn  the  ^obe  slowlj  rcmnd,  «nd  all  places 
which  pafis  Mder  tli^  observed  latitude  will  be  those  reqttii^ed. 

All  places  in  the  S)ame  latittide  have  the  same  seasons,  and 
the  same  length  of  day  and  night;  but,  owing  to  various  physi- 
cal causes,  (such  as  the  relative  distribution  of  land  and  water,) 
they  may  not  have  the  aarae  temperature. 

KxAlffPT.BS. 

1.  What  places  have  nearly  the  same  latftode  as  Constantinople  ? 
Afuwer,    Naples,  Pekin,  FhilftdeHphia,  &c 

AVhat  places  have  nearly  the  same  fsdtade  aa  the  MkwfaB^ : 

2.  London ;  3.  Alexandria ;  4.  Rome  ? 

6.  What  places  have  nearly  die  same  length  of  days  sslfiaittf? 
Atuwert,    (2.)  Botterdam,  ftc ;  (3.)  Cnmnrin's  Ldaad,  CUika,  Ac. ; 
(4.)  Nova  Scotia  ;  (6.)  Cape  St.  Vincent,  Portugal,  &e. 

Problem  IV.  To  find  aU  thoee  placee  which  hanfc  the 
same  longitude  as  a  given  place. 

Rule.  Bring  the  given  place  to  the  brass  meridian ;  all 
places  under  the  edge  of  the  brass  meridian,  from  pole  to  pole, 
have  the  same  longitude. 

Tlie  people  living  in  all  those  places  which  have  the  same 
longitude,  have  noon  and  aU  other  hours  of  the  day  alike. 

EXAKPLEB. 

1.  ^'^Ihkt  plseefl  have  nearly  the  same  longitude  as  Hadebtt? 
A^zneer.    Heda,  Teneriffe,  Cape  Blanco,  ftc 
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2.  Wluit  iBhabtooito  of  the  oirth  bsvc  nearly  iIk  same  tiine  w  the 
people  of  the  Cape  of  (iood  Hope  r 

3.  AVhat  places  have  nearly  the  same  loogitudc  as  Gibraltar  ? 
Anawert*    (2.)   Dantzic,  Stockholm,  &c. ;    (3.)  St.  David's  Head, 

Wales,  &c. 

Problem  V.     To  Jind  the  distance  between  two  places. 

Rule.  Lay  the  edge  of  the  quadrant  of  altitude  over  the 
two  placegy  60  tlxit  the  poiot  marked  0  may  be  over  one  of 
them ;  then  ihe  auinber  of  dtgrees  over  the  other  pUce  will 
give  the  noraher  of  d«grecs  that  they  are  apart. 

Multiply  Ihe  niunber  of  degrees  \fy  GO,  and  the  product  will 
give  the  geogmphical  miks ;  or  multiply  the  auoiber  of  de- 
grees by  69j\f,  and  the  product  will  give  the  distance  in 
English  miles. 

Or,  take  the  dt^ffnacSebeHreen  the  two.piaces  with  a  thread, 
apply  that  distance  to  the  equutor,  and  it  will  show  how  many 
degrees  are  contained  in  the  distance. 


1.  What  la  the  dhtanoe  between  Landob  and  Madeiim? 

Antwr.    About  22i<>,  or  1350  geographical  miles^  or  about  1654 
.Knglidi  miles.  • 

What  is  the  distance  between  the  following  places  ? 

2.  London  aad  Constantinople. 

8.  Cape  Verd  Iska  and  the  Cape  of  Good  Hbpi^ 

4.  Laodon  and  Petoabuxg. 

^.  What  IS  the  diatanoe  of  Land's  End  from  Jamaica? 

6.  Suppose  a  ship  to  sail  from  Ltrcrpool  to  Madras  in  the  following 
ttmSk :  firmn  literpool  to  Gape  Verd  lalandt,  tfacnee  to  St.  Hdena, 
thence  to  the  Cape,  thenoe  to  Mauritius,  theooe  to  Ceyloa»  and  thenoe  to 
Madras;  how  many  English  miles  are  there  in  the  Tojage  ? 

Akswebs. 

(2.)  1320  geog.  miles,  and  1535  Eng.  miles. 
(3.)  3900  geog.  miles,  and  4491  Eng.  mUes. 
(4.)  1140  geog.  miles,  and  1312  Eng.  miles. 
(5.)  3840  geog.  mUes,  and  4421  Eng.  miles. 
•    (6.)  About  185^  or  11,100  geog.  miles,  or  about  12,788  Eng.  rnOea. 

Pboblem  yi.     7%e  hour  of  the  day  being  given  ai  mw 
place^  to  find  what  hour  it  is  at  any  either  ptaee. 
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RuLB.  Bring  the  plaoe  at  which  the  time  is  giveo  to  the 
brass  meridian  ;  set  the  hour  index  to  the  given  hour;  torn 
the  globe  until  the  other  place  is  brought  tinder  the  brass  me- 
ridian, and  the  index  will  point  to  the  required  time. 

Or  tkui  hy  ealculatiim.  Find  the  difference  of  longitude 
between  the  two  places,  allow  an  hoar  for  every  15  degrees, 
and  four  minutes  of  time  for  every  degree,  and  the  time  thus 
obtained  will  give  the  difference  of  time  between  the  two 
places.  If  the  place  at  which  the  time  is  required  lies  to  the 
east  of  the  other  place,  this  difference  of  time  must  be  added 
to  find  the  time  at  the  plaoe  required ;  but  if  to  the  west,  it 
must  be  subtracted.  See  AsTBONomr,  Art  22,  and  Exer- 
cises, p.  418. 


1.  Whea  it  is  4  o'clock  in  the  afternoon  at  London,  what  time  is  it  at 
Petenborg? 

Annoer.    Six  o'dock  in  the  evening. 

Or  thua,  mart  aeeuratdjf,  hy  ealemkOum.  The  diflferenoe  of  kmgitade 
between  London  and  Peteribuxg  is  80®  26*.  Here  the  80  degrees  exact- 
ly give  2  boun  diffiranoe  of  tinie»  and  to  convert  the  remaining  26'  into 
time,  we  have 

No.  min.  of  time  coneeponding  to  25*  =8  ^  x  4=s-8b1|, 

OV  V 

which,  added  to  the  2  hooiB,  giTea  2  boins  1|  min.  ftr  the  difllerenoe  of 
time. 

Now,  as  Petenbiug  lies  to  the  east  of  London,  the  time  at  the  former 
place  will  be  2  boun  1|  min.  later  than  it  is  at  London;  that  is,  the  time 
at  Petersburg  will  be  If  min.  past  six  in  the  evening. 

2.  When  it  is  1  o'clock  in  the  afternoon  at  Alezandna,  what  time  ii 
it  at  Philadelphia  ? 

AfUfoer,    Seven  o'clock  in  the  morning. 
Or  thus,  more  accwrcUely,  hy  caiculation. 
Longitude  of  Alexandria  s=  30®  16'  east. 
Longitude  of  Philadelphia  =  75®  19'  west. 

Difftrance  of  longitude    «  105®  35' 

Difference  time  in  hours  es  ---^  ss  7  faoma. 

15  « 

IKfferenoe  time  in  min.     ■■  ^l^rX  4^'-^2)  min. 

DO  S 

Total  difference  of  time  >»  7  hours  2|  minutes. 
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N<yir,  IB  FhiladeJphiB  Hcb  to  the  wot  <tf  Alexandria,  the  tune  of  >flie 
ibnner  place  will  be  7  hoUn  2i  min.  caxUer  than  it  is  at  the  laitar  plaee; 
hence  the  time  at  Philadelphia  will  be  67|  min.  past  6  in  the  maniiag. 

3.  Wlien  it  is  4  o'clock  in  the  aftenioon  at  Cape  Honit  what  time  la 
it  at  the  Island  of  St.  Helena } 

4.  When  it  is  10  o'clock  in  the  morning  at  Nankin,  in  China,  what 
time  is  it  at  PlTmootii,  Bngland  ? 

.  AXSWEBB. 

(3.)  6  min.  past  8  o'clock  in  the  evening  nearly. 
(4.)  I  past  1  o'clock  in  the  murnmg  nearly. 

Pboblem  VII.  Given  the  dijffhrence  of  Hnu  at  ttng  iwo 
placeg  to  find  their  dSfference  of  longitude. 

Rule.  Bring  the  first  meridian  to  the  bnuas  meridian ;  set 
the  hour  index  at  12  o'clock;  torn  the  globe  until  the  given 
time  is  brought  under  the  brass  meridian ;  and  the  degree  of 
the  equator  cut  by  the  brass  meridian  will  be  the  difference 
of  longitude. 

Or  thus  hy  calctdaiion.  Allow  15  degrees  difference  of  lon- 
gitude for  every  hour  in  the  difference  of  time,  or  1  degree 
for  every  4  minutes  of  time. 

EXAMFLBS. 

1.  When  it  is  noon  at  a  certain  place,  it  is  8  o'clock  in  the  moiming  at 
London ;  required  the  long^|^c  of  the  place. 

AnttBvr^    60^  east  longitude. 

Or  thu$  hy  ealculation.    Here  the  difference  Of  time  is  4  lioaxB. 
Difference  longitude  &=  4  X  1^  ="  60  degrees. 
As  the  time  at  London  is  hefore  that  of  the  plaee^  H  ibUows  that  it 
must  have  60  degrees  east  longitude. 

2.  When  it  is  10  o'clock  in  the  morning  at  London,  at  what  places 
will itbe  noen ? 

8.  What  places  will  have  noon  7  hours  65  min.  before  London  ? 

Akbwbbs. 

(2.)  To  all  places  having  30®  £.  long.,  —  Petersburg,  &c 
(3.)  To  all  places  having  118|^  £.  long.,  —  Nankin,  &c 

pROBLKM  VIIL  To  find  the  length  of  a  degree  in  any 
gfven  pafdtiel  Offafilude. 


430  NATUBAL  AND   RXPERIMEMTAL  PHILOSOPHY. 

Rule.  Laj  the  edge  of  the  quadrant  of  altitude  parallel 
to  the  equator  between  anj  two  meridians,  (lo  degrees  of 
longitude  apart ;)  then  the  number  of  degrees  intercepted  be- 
tween them,  maltiplied  by  4,  vnll  give  the  number  of  geograph- 
ical miles  contained  in  a  degree  of  the  given  parallel  very 
nearly.  To  find  the  number  of  English  miles,  multiply  the 
geographical  miles  by  69.1  and  divide  by 'GO. 


1.  How  many  geognphicsl  and  EngUsh  mils  are  than  oontaiiked  in 
a  degree  in  the  latitude  of  40°  ? 

Here  the  distance  between  two  meridiana  (16  degrees  apart)  in  the 
parallel  of  40*^,  is  11^  degrees  of  the  equator  nearly ;  hence  we  have 
Length  of  16  degrees  longitude  on  parallel  40^ 
=  114  degrees  of  the  equator 
^  1 14  X  60  geographical  miles  ; 
Length  of  one  degree  longitude  on  parallel  40° 

lU  X  60 
=     ^^g     « 114  X  4  «46  gwg.  miles 

46  V  60  1 

CB gg-^  Eng.  miles  =  62.07  Eng.  mileB. 

How  many  geographical  and  English  mOfla  are  there  oootained  in  a 
degree  in  the  following  latitudes  } 
(2.)  80°;  (3.)  61°;  (4.)  &6*>;  (6.)  60«. 

Answbbs.  ^ 

(2.)  61.9  geog.  miles*  or  69.7  Eng.  nules. 
(3.)  37.7  geog.  miles,  or  48.4  Eng.  miks. 
(4.)  83.6  geog.  miles,  or  38.6  Eng.  miles. 
(6.)  30  geog.  miles,  or  34}  Eng.  miles. 

» 

Problem  IX.     Thjind  the  antipodes  of  a  given  place.  ' 

Rule.  Place  the  two  poles  of  the  globe  in  the  horizon ; 
turn  the  globe  until  the  given  place  comes  to  the  eastern  part 
of  the  horizon  ;  observe  the  number  of  degrees  that  the  place 
is  to  the  north  (or  south)  of  the  east  point  of  the  horizon,  and 
the  same  number  of  degrees  counted  south  (or  north)  from 
the  west  point  of  the  horizon  will  give  the  antipodes  required. 
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1.  Kequired  the  antipodes  of  London. 

Antwer.    Antipodes  Island*  near  the  Idaad  of  New  Zealand. 

Required  the  antipodes  of  the  following  places :  2.  The  Island  of 
Bermudas;  3.  Cape  Horn ;  4.  Cape  of  Oood  Hope ;  6.  the  Azores. 

Afuwen.  (2.)  The  south-west  part  of  New  Holland ;  (3.)  the  east 
of  Lake  Baikal;  (4.)  the  nor^  of  the  Sandwich  Islands;  (6.)  east 
of  Cape  Howe. 

Problem  X.     To  rectify  the  ghbefor  a  given  place. 

Rule.  Elerafte  or  raise  the  corresponding  pole  as  manj 
degrees  above  the  wooden  horizon  as  are  equal  to  the  latitude 
of  the  place.    See  Astronoht,  Art  28. 

If  the  globe  be  now  turned  round,  so  as  to  bring  the  place 
to  the  brass  meridian,  it  will  be  seen  that  the  place  occupies 
the  zenith  of  the  globe ;  that  is  to  saj,  the  wooden  horizon 
forms  the  true  horizon  to  the  place. 

Pbobleh  XI.     To  find  the  Mun^s  place  in  the  ecliptic  for  ^ 
any  given  day. 

Rule.  Find  the  month  and  the  mark  corresponding  to  the 
day  of  that  month  in  the  outer  circle  of  the  wooden  horizon ; 
then  the  coincident  mark  in  the  circle  containing  the  signs  of 
the  zodiac  wilt  give  the  sun's  place  in  the  ecliptic,  which  may 
then  be  found  upon  the  globe. 

Problem  XII.  To  find  the  sun's  declination  fi>r  a  given 
day  of  a  given  months  and  to  find  the  placet  to  which  the  sun 
will  he  vertical  on  that  day. 

Rule.  Find  the  sun's  place  in  the  ecliptic  for  the  given 
day,  (Prob.  XI. ;)  bring  that  point  of  the  ecliptic  to  the  brass 
meridian,  and  the  degree  directly  over  it  on  the  brass  merid- 
iaa  is  the  declination  north  or  south.  Turn  the  globe  round, 
and  e^^Tj  place  which  passes  under  that  degree  of  the  brass 
meridian  will  have  the  sun  vertical  on  that  day. 

The  declination  of  the  sun  obviously  gives  the  latitude  of 
the  places  which  will  have  the  sun  vertical. 

The  sun  can  .only  be  vertical  to  places  lying  within  the 
torrid  zone. 
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Rule.  Laj  the  edge  of  the  qaadrant  of  alUtude  parallel 
to  the  equator  between  anj  two  meridians,  (15  degrees  of 
longitude  apart ;)  then  the  number  of  degrees  intercepted  be- 
tween them,  multiplied  by  4,  will  give  the  nnmber  of  geograph- 
ical miles  contained  in  a  degree  of  the  given  parallel  very 
nearly.  To  find  the  number  of  English  miles,  multiply  the 
geographical  miles  by  69.1  and  divide  by*60. 

BXAISLBS. 

1.  How  many  geogmphical  and  Engtiah  miles  are  than  contained  in 
a  degree  in  the  latltade  of  40°  ? 

Here  the  diatance  between  two  meridiana  (16  degrees  apart)  in  the 
parallel  of  40°,  ia  Hi  degrees  of  the  equator  nearly ;  hence  we  have 
Length  of  16  degrees  longitude  on  parallel  40° 
SB  114  degrees  of  the  equator 
ss  1 1 J  X  60  geographical  miles  ; 
Length  of  one  d^ree  longitude  on  panUd  40° 

_11JX_60 

as— jj — «ii^x4BB46geog.  miles 

46  X  69.1 
ss gj —  Eng.  milea  =b  62.97  Eng.  miles. 

How  many  geographical  and  English  mika  are  there  contained  in  a 
degree  in  the  following  latitudes  } 
(2.)  30°;  (3.)  61»;  (4.)  66«;  (6.)  60«. 

Answbbs.  ^ 

(2.)  61.9  geog.  miles*  or  69.7  Eng.  miles. 

(3.)  37.7  geog.  miles,  or  48.4  Eng.  miks. 

(4.)  33.6  geog.  miles,  or  38.6  Eng.  miles. 

(6.)  30  geog.  miles,  or  34^  Eng.  miles. 

Problem  IX.     To  find  the  antipodes  of  a  given  place,  ' 

Rule.  Place  the  two  poles  of  the  globe  in  the  horizon ; 
turn  the  globe  until  the  given  place  comes  to  the  eastern  part 
of  the  horizon  ;  observe  the  number  of  degrees  that  the  place 
is  to  the  north  (or  south)  of  the  east  point  of  the  horizon,  and 
the  same  number  of  degrees  counted  south  (or  north)  from 
the  west  point  of  the  horizon  will  give  the  antipodes  required. 
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3.  What  is  the  length  of  the  longest  day  to  the  inhabitants  of  Paris  ? 
At  what  distance  from  the  east  point  of  the  horizon  does  the  sun  xise  on 
this  day.^ 

4.  ^low  that  the  day  is  always  12  hours  long  to  the  people  living  at 
the  equator.  Show  that  the  2l8t  of  June  is  the  longest  day  to  the  in- 
habitants of  the  northern  hemisphere,  and  that  the  2l8t  of  December  is 
thdr  shortest  day. 

Bequired  the  length  of  the  shortest  day  to  the  inhabitants  of  the  fol- 
lowing places :  6,  Bdinburgh;  6.  New  York. 

jifMiMTv.  (2.)  Rises  |  before  6,  and  sets  i  after  6 ;  ampUtude  6^ 
north  of  the  east  point ;  (3.)  Length  of  the  day  10  hours,  and  about 
37^  north  of  the  east  point;  (5.)  6^  hours;  (6.)  9  hours. 

Problem  XIV.  To  find  the  sun^s  meridian  altitude  at  a 
given  place  an  a  given  day. 

Rule.  Rectify  the  globe  for  the  latitude  of  the  place ; 
bring  die  sud's  place  in  the  ecliptic  for  the  given  day  to  the 
brass  meridian ;  count  the  number  of  degrees,  on  the  brass 
meridian,  between  that  place  and  the  horizon  for  the  meridian 
altitude  required. 

Or  thus.  Find  the  declination  of  the  sun,  and  add  it  to  the 
co-latitude  of  the  place  when  the  declination  and  latitude  are 
of  the  same  name,  but  subtract  it  when  they  are  of  different 
names. 


1.  What  is  the  sun's  meridian  idtitude  at  liondon  on  our  midsasuner 
day? 

Anawer*  62^.  This  is  the  greatest  elevation  of  the  sun  shore  the 
hotison  of  IjondoiL. 

Or  thut  hy  eaieuhtiim.  Here  the  decUnatUm  and  latitude  are  of  the 
%ame  name.  On  this  day  the  declination  of  the  sun  is  23^^  north,  and 
the  co-latitude  is  90^  less  by  61^^,  or  38i^ ;  hence  the  meridian  altitude. 
«s  3S|o  +  28i  »  62<». 

2.  What  is  the  son's  meridian  altitude  at  London  on  our  midwinter 
day? 

Annoer,  15^.  Thia  is  the  least  meridian  altitude  of  the  sun  to  the 
inhabitants  of  London. 

Or  thu9  hy  eaieulation.  Here  the  declination  and  latitude  have  dif- 
ferent nnmes.  Li  this  case,.' therefore,  we  have  the  meridian  altitude  =: 
384  —  2^  «  lfi». 

87 
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3.  Required  the  ran**  meridian  altitude  at  Paris  on  the  lit  of  August 

4.  What  is  the  sun's  meridian  altitude  at  London  on  the  2d  of  Feb- 
xuary? 

What  would  be  the  meridian  altitude  of  the  sun  on  the  21st  of  June 
to  the  following  places^  6.  The  north  pole ;  6.  The  nctie  cude;  7.  The 
equator. 

Antwerp.  (3.)  SQO  IC  ;  (4.)  211«»;  (6.)  231«;  (6.)  fT^;  (7.)  66*0 
or  234^  from  the  zenith. 

Problem  XV.  To  Jind  the  altitude  of  the  «im  at  any 
given  place  and  hour;  and  ako  his  azimuth. 

Rule.  Rectify  the  globe  for  the  latitude  of  the  giTcn 
place ;  bring  the  sun's  place  to  the  brass  meridian ;  set  the 
index  to  XII. ;  turn  the  globe  till  the  index  points  at  the 
given  hour ;  &x  the  quadrant  of  altitude  on  the  brass  merid- 
ian, at  the  degree  of  latitude  of  the  given  place,  and  laj  its 
edge  over  the  sun's  place  ;  then  count  the  nnmber  of  degrees 
on  the  quadrant  between  this  point  and  the  wooden  horizon, 
and  it  will  give  the  altitude  required. 

The  distance  of  the  point,  where  the  edge  of  the  quadrant 
of  altitude  cuts  the  wooden  horizon,  from  the  north  or  south 
points,  wiU  give  the  sun's  azimuth. 


1.  Required  the  sun's  altitude,  &c.,  at  7  o'clock  in  the  morning  on 
the  5th  of  May  to  the  inhabitants  of  London. 

Anno6r.    Altitude  21}^,  and  azimuth  90^  from  the  north  point  of 
the  horizon. 

2.  Required  the  sun's  altitude  and  azimuth  at  4  o'clock  in  the  after- 
noon on  Uie  2d  of  July,  to  the  inhabitants  of  Petersburg. 

3.  Required  the  same  as  in  the  last  example  to  the  inhahitanta  of 
liondon. 

Anateert.    (2.)  36^  altitude,  and  azimuth  75*^  from  the  south  point ; 
(3.)  37°  altitude,  and  azimuth  80^  from  the  south  point. 

Problem  XVI.     77ie  hour  and  day  being  given  at  a  par^ 
tictdar  place,  to  Jind  the  place  where  the  $un  is  then  verticaL 

Rule.     Find  the  sun's  declination  for  the  given  day ;  (see 
Frob.  Xn. ;)  this  gives  the  latitude  of  the  reqtured  place ; 
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bring  the  given  place  to  the  brass  meridian ;  set  the  index  to 
the  given  hour ;  turn  the  globe  till  the  index  points  to  XII. 
noon ;  then  all  the  places  under  the  brass  meridian  will  have 
noon  at  the  given  time,  and  the  place  whose  latitude  is  the 
same  as  the  sun's  declination  will  have  the  sun  vertical. 


1.  To  what  place  will  the  sun  be  nearly  vertical  on  the  6th  day  of 
February,  when  it  is  23  minutes  past  noon  at  London } 

Annoer.    The  Island  of  St.  Helena. 

2.  To  what  place  will  the  sun  be  nearly  vertical  on  the  30th  day  of 
April,  when  it  is  34  minutes  past  1  o'clock  in  the  afternoon  at  London  i 

Amwer,    To  the  Island  of  St.  Jago,  one  of  the  Cape  Verd  Isles. 

3.  When  it  is  40  minutes  past  6  o'clock  in  the  moniing  at  London 
on  the  25th  of  April,  where  is  the  sun  vertical } 

Annoer.    Madras. 

4.  When  it  is  4  o'clock  in  the  afternoon  at  London  oa  the  18th  of 
August,  where  is  the  sun  vertical? 

Amwer.    Bazbadoes. 

Problem  XVIL  A  place  within  the  torrid  zone  being 
given,  to  find  those  two  days  ofjthe  year  on  which  the  sun  will 
he  vertical  to  the  given  place, 

BuLE.  Bring  the  given  place  to  the  brass  meridian,  and 
observe  its  latitude ;  turn  the  globe  on  its  axis,  and  mark  what 
two*  points  of  the  ecliptic  pass  under  that  latitude ;  seek  those 
two  points  of  the  ecliptic  in  the  circle  containing  the  signs  of 
the  zodiac,  on  the  wooden  horizon,  and  opposite  to  them  wiU 
be  found  the  days  required* 


1.  On  what  two  days  of  the  year  will  the  sun  be  vertical  to  the  in- 
habitants of  St.  Helena  ? 

Anstcer.  On  the  6tb  day  of  February,  and  on  the  6th  day  of  No- 
vember* 

2.  On  what  two  days  of  the  year  will  the  sun  be  vertical  to  the  inhab- 
itants of  Madras  i 

Answer,  On  the  25th  day  of  April,  and  on  the  18th  of  August 
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What  |)laoei  hove  nearly  the  following  latltttdeB  and  longitudes  ? 
(2.)  540  N.  lat,  and  ISi"*  IS.  long. 
(3.)  30<'  N.  lat.,  and  31<3  E  long. 
(4.)  21<^  S.  lat.,  and  56^^  £.  long. 
(5.)  29<^  N.  lat.,  and  IS^  W.  long. 
(6.)  84<>  8.  lat.,  and  l«o  IB.  long. 

Aimotrt.  (2.)  Dantdc;  (3.)  Oairo;  (4.)  Iriand  of  BouKfaoa;  (If.) 
Cttary  Islaiida,  Palma ;  (6.)  Oh^  of  Good  'Rope  town. 

Pbob&bm  III.  To  find  aU  thou  places  which  have  the 
same  latitude  as  a  given  place* 

Rule.  Bring  the  given  pMce  to  the  brass  meridian,  and 
find  its  latitude  ;  turn  the  globe  slowly  rovnd,  «nd  all  places 
which  paf^s  mdcfr  ^ki^  ol>6eiryed  latitude  will  be  those  requii^ 

All  plac^B  in  th'e  fi^iame  latitude  hare  the  same  seasons,  and 
the  same  length  of  day  and  night ;  but,  owing  to  various  physi- 
cal causes,  (^uch  as  the  relative  distribution  of  land  and  water,) 
they  may  not  have  the  «arae  temperature. 

EXAXFLES. 

1.  MDiat  places  have  nearly  the  same  latitude  as  Constantinople  ? 
^futcwr.    Naples,  Pekin,  Fhiladdphla,  &c. 

"What  places  have  nearly  the  Mme  littittide  as  the  foOdwk^ : 

2.  London;  3.  Alexandria;  4.  Rome? 

5.  What  places  have  nearly  Uie  same  length  ttf  days  as  Malta'? 
Annoen.    (2.)  Botterdam,  &c  ;  (3.)  Canmin'a  Island,  CAdAa*  fte. ; 
(4.)  Nora  Scotia  ;  (6.)  Cape  St  Vincent,  Portogai,  ko, 

Pboblem  IV.  To  find  aU  those  places  ivhich  have  the 
same  longitude  as  a  given  place. 

Rule.  Bring  the  given  place  to  the  brass  meridian ;  aU 
places  under  the  edge  of  the  brass  meridian,  from  pole  to  pole^ 
have  the  same  longitude. 

The  people  living  in  all  those  places  which  have  the  same 
longitude,  have  noon  and  all  other  hours  of  the  day  alike. 

EXAMPLSB. 

1 .  ^A^t  pbees  have  nearly  the  same  longitudeiBS  HfideirB  ? 
Annoer.    Heda,  Teneriffe,  Cape  Blanco,  ftc 
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diarnal  arc  above  the  horizon  will  always  be  equal  to  that 
which  is  below  it  The  whole  of  the  heavens  may  be  seen  at 
the  equator  in  the  course  of  a  day ;  and  in  the  course  of  the 
year  all  the  stars  in  the  heavens  may  be  seen ;  whereas,  at 
the  poles,  only  one  half  of  the  heavens  can  be  seen.  On  the 
equinoxes  the  sun  passes  directly  over  the  heads  of  the 
people  at  the  equator ;  when  the  sun  is  in  the  northern  half 
of  the  ecliptic,  at  noon  his  aspect  is  north  ;  and,  on  the  con- 
trary, when  the  sun  is  in  the  southern  half  of  the  ecliptic,  at 
noon  his  aspect  is  south. 

2.  77^0  parallel  tphere.  The  people  at  the  north  pole,  if 
there  were  any  living  there,  would  have  this  sphere;  the 
north  polar  star  in  the  heavens  would  appear  exactly  over 
their  heads.  To  place  the  artificial  globe  in  this  position, 
elevate  the  north  pole  90^  above  the  horizon,  or,  what  is  the 
same  thing,  make  the  equinoctial  to  coincide  with  the  wooden 
horizon. 

At  the  poles,  during  six  months  of  the  year,  the  sun  shines 
without  setting,  and  during  the  other  six  months  he  never 
appears  above  the  horizon.  On  the  21st  day  of  March,  when 
the  sun  is  in  the  vernal  equinox,  he  will  be  seen  by  the  people 
at  the  north  pole  (if  there  were  any)  to  skim  along  the  hori- 
zon ;  and  as  the  iun  increases  in  his  northern  declination,  he 
will  appear,  day  after  day,  to  rise  higher  above  the  horizon, 
until  he  attains  his  greatest  northern  declination,  (23i°,)  and 
then  his  elevation  above  the  horizon  will  be  23i°,  that  is,  it 
will  be  equal  to  his  declination ;  afVer  this,  he  will  gradually 
decrease  in  his  altitude,  until  he  arrives  at  the  autumnal  equi- 
nox, when  he  will  again  appear  to  skim  along  the  edge  of  the 
horizon ;  so  that  he  will  have  been  six  months  above  the 
horizon  without  setting;  after  this  he  will  totally  disappear 
for  six  months.  But  there  will  be  twilight  until  the  sun  is 
18^  below  the  horizon,  —  that  is,  until  he  has  attained  IS** 
south  declination.  The  same  thing  will  take  place  with 
respect  to  the  south  pole,  but  with  this  difference ;  while  the 
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snn  shines  upon  the  north  pole,  he  will  be  inriaible  to  the 
supposed  people  of  the  south  pole,  and  viee  versi* 

A  speStator  at  the  north  pole  can  only  see  the  stars  in  the 
northern  hemisphere,  or  those  stars  which  lie  on  the  north  of 
the  equinoctial. 

3.  I^e  oblique  sphere.  All  people  living  on  the  earth, 
excepting  those  at  the  equator  and  poles,  have  this  poaitioii  of 
the  sphere.  In  this  case,  the  hmzon  cuts  the  equator  ob- 
liquely. To  place  the  artificial  globe  in  this  position,  elevate 
the  north  or  south  pole,  as  the  case  may  be,  to  the  latitude  of 
the  place  where  we  may  conceive  a  spectator  to  be  placed. 
Let  us  suppose,  for  example,  that  the  north  pole  is  elevated  to 
the  latitude  of  London. 

To  the  people  living  at  London,  for  six  months  of  the  year, 
the  days  are  more  than  twelve  honrs  long,  and  for  the  re- 
maining six  months,  they  are  less  than  twelve  hours  long; 
that  is  to  say,  from  the  21st  of  March  to  the  22d.of  Septem- 
ber, when  the  sun  is  on  the  northern  side  of  the  equinoctial, 
the  days  are  more  than  twelve  hours  long ;  and,  on  the  con- 
trary, from  the  22d  of  September  to  the  21st  of  March,  when 
the  sun  is  on  the  southern  side  of  the  equinoctial,  the  days 
are  less  than  twelve  hours  long.  At  the  vernal  equinox  (on 
the  21st  of  March)  the  sun  shines  perpendiculariy  over  the 
equator,  and  the  days  and  nights  are  equal  all  over  the  g^be ; 
as  the  sun  increases  in  his  northern  declination,  the  days  also 
increase  in  length ;  for  the  diurnal  arcs  described  by  the  sun 
are  unequally  divided  by  the  horizon;  when  the  sun  haa 
attained  his  greatest  northern  declination,  (June  21st.)  the 
days  have  also  attained  their  greatest  length ;  but  they  wiU 
be  at  their  shortest  to  the  people  in  the  southern  hemisphere ; 
after  thb,  the  sun's  northern  declination  gradually  decreases, 
and  the  days  also  gradually  decrease  in  length;  when  he 
arrives  at  the  autumnal  equinox,  (Sept  22d,)  the  days  and 
nights  are  again  equal ;  afler  this,  the  days  become  sliorter 
and  shorter,  as  the  sun's  southern  declination  increases,  until 
he  has  attained  his  greatest  southern  declination,  (December 
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2 1  St,)  and  then  the  dajs  will  be  at  their  shortest  with  us,  bat 
at  their  greatest  length  to  the  people  of  the  southern  hemi* 
sphere ;  after  this,  our  dajs  increase  in  length,  and  when  the 
sun  agun  arrives  at  the  vernal  equinox,  the  daja  and  nights 
are  again  equal. 

The  dniation  of  twilight  is  greater  wiih  tts  than  it  is  at  iba 
equator,  beoanse  the  diurnal  avc  of  the  am  eoti  tha  horiaoa 
obliquelj,  which  causes  him  to  take  a  longer  time  to  get  18* 
below  the  horizon ;  whereas,  at  the  equator,  the  sun  sinks 
perpendicularly  below  the  horizon,  which  tends  to  shorten  the 
duration  of  twilight 

The  people  that  live  in  the  northern  hemisphere  can  never 
see  those  stars  which  lie  towards  the  south  polar  star,  and  the 
people  in  the  southern  hemisphere  can  never  see  those  stars 
which  lie  towards  the  north  polar  star ;  but,  as  already  ob- 
served, a  person  at  the  equator  m«y  see  all  the  stars  in  yie 
heavens  in  the  course  oi  Uie  year. 

Problem  XX.  Any  place  in  the  north  frigid  x<me  being 
given,  to  frud  haw  long  the  tun  shinet  there  without  eetting, 
and  how  long  he  is  invisible. 

Rule.  Rectify  the  globe  to  the  latitude  of  the  place; 
bring  the  ascending  signs  of  the  ecliptic  (the  signs  going  be- 
fore Cancer)  to  the  north  point  of  the  horizon,  and  observe 
what  degree  of  the  ecliptic  is  cut  by  that  point ;  find  on  the 
wooden  horizon  the  day  and  month  corresponding  to  that 
degree ;  then  from  that  day  the  sun  begins  to  shine  without 
Fetting.  Now,  bring  the  descending  signs  (the  signs  coming 
after  Cancer)  to  the  north  point  of  the  horizon,  and  observe 
what  degree  of  the  ecliptic  is  cut  by  that  point ;  find  on  the 
wooden  horizon,  as  before,  the  day  and  month  corresponding 
to  that  degree ;  then,  on  thut  day,  the  aan  cpaneo  to  shine 
witfioiit  sellings  By  pipceeding  in  the  same  manner  with  the 
southern  point  of  the  horiaoo,  we  may  find  the  beginning  and 
end  of  the  period  during  which  the  sun  is  invisible. 


4i0         NATURAL   AND   EXPERIMEKTAL   PHILOSOPHY. 

Frmmph  How  loDg  wQl  the  Biin  shine  withoat  setting  to  Ihe  inhab* 
itants  of  the  North  Cape,  in  latitude  71i^  north? 

^fMi0«r.  The  sun  hogins  to  shine  continually  on  the  14th  of  Hay, 
and  ceases  to  shine  continually  on  the  30th  of  July.  The  longest  day 
iM,  therefore,  77  days  kmg ;  that  is  to  say,  the  sun  shines  without  setting 
for  77  days.  The  period  during  which  the  sun  wiU  be  inviable  extends 
fiom  the  16th  of  November  to  the  27th  of  January.  The  longest  night 
is,  therefore^  78  days  long ;  that  is  to  say,  the  sun  is  never  seen  by  the 
inhabitants  of  this  place  for  the  period  of  73  days. 


Problem  XXL     To  find  the  beginning  and  end  of  twi'- 
Ught  at  a  given  place  on  any  given  day. 

Rule.  Rectify  the  globe  for  the  latitude  of  the  place ; 
bring  the  sun's  place  in  the  ecliptic  on  the  given  day  to  the 
brass  meridian  ;  set  the  hour  circle  to  XII. ;  screw  the  quad- 
rant of  altitude  upon  the  brass  meridian  over  the  given  lati- 
tude ;  turn  the  globe  westward  till  the  sun's  place  comes  to 
the  western  edge  of  the  wooden  horizon;  then  the  hour  circle 
will  show  the  time  of  the  sun's  setting,  or  the  beginning  of 
evening  twilight ;  continue  the  motion  of  the  globe  till  the 
son's  place  coincides  with  1 8  degrees  on  the  quadrant  <^  alti- 
tude, below  the  horizon ;  then  the  hour  circle  will  show  the 
time  at  which  the  evening  twilight  ends.  The  duration  of 
twilight  is  equal  to  the  difference  between  the  time  at  wfiich 
it  ends  and  the  time  at  which  it  begins.  The  time  at  which 
evening  twilight  end.s  subtracted  from  12  will  give  the  begin- 
ning of  morning  twilight,  which  is  of  the  same  duration  as 
the  evening  twilight. 


1.  Hequired  the  duration  of  twilight  at  London  on  the  22d  of  Sep- 
tember. 

Annoer^    The  sun  sets  at  6  o*clock«  and  twilight  ends  at  8  o'dock; 
consequently  the  duration  of  twilight  is  2  hours. 

2.  Required  the  duration  of  twilight  at  those  places  which  have  the 
same  latitude  as  Edinburgh,  on  the  24th  of  ApriL 

Anatoer,     3  hours. 

3.  What  is  the  duration  of  twilight  at  London  on  the  20th  of  April? 
Antwer.     2  hours  18  minutes. 
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Problem  XXII.  Given  Ihe  sun's  meridian  altitude,  and 
the  day  of  ike  motUhf  iofind  the  latitude  of  the  flace. 

Rule.  If  the  buh  was  sooth  of  the  obseiTer  when  the  lati- 
tude was  taken,  bring  the  sun's  place  in  the  ecliptic  to  the 
south  side  of  the  brass  meridian ;  move  Ahe  brass  meridian  tiU 
the  #Hn'j  place  is  raised  above  the  horizon  equal  to  the  given 
meridian  altitude ;  then  the  elevation  of  the  norUi  pole  will 
give  the  latitude  of  the  place.  If  the  sun  was  north  of  the 
observer  when  the  altitude  was  taken,  proceed  in  the  same 
manner,  with  this  exception,  that  the  sun's  place  must  be 
brought  to  the  north  side  of  the  brass  meriflUan,  and  the  eleva- 
tioD  of  Ihe  soutk  pole  will  give  the  latitude  of  the  place. 

Examples. 

1.  On  the  21st  of  June,  the  meridian  altitude  of  the  sun  was  dbaerred 
to  be  69)°,  and  south  of  the  observer ;  required  the  latitude  of  the  place. 

Atmotr,    44^  north  latitude. 

2.  On  the  21st  of  DeoemlbBr  the  mwridisn  akitude  of  tiie  son  was  ob- 
seiveA  to  4m  26^  snd  aonth  of  Ite  ohsorar;  xequtrad  the  Istttude  of  the 
plaoe« 

Anawtr.    41)^  north  latitude. 

3.  On  the  10th  of  May  the  mmdian  altitude  of  the  sun  was  observed 
to  be  30°,  and  north  of  the  observer;  required  the  latitude  of  the  place. 

Answer.    42"  25'  south  latitude. 

Problem  XXLII.  To  Jind  the  angle  of  position  between 
two  given  places. 

Rule.  If  the  two  places  be  on  the  same  meridian^  they 
bear  north  and  south  from  each  other,  and  therefore  their  an- 
gle of  position  is  0.  When  the  places  are  not  on  Ihe  same 
meridian,  proceed  as  follows :  rectify  the  globe  to  the  latitude 
of  one  of  the  places;  bring  that  plaoe  to  the  brass  meridian, 
and  screw  the  quadrant  of  altitude  over  it;  move  die  quad- 
rant till  its  edge  fidls  upon  the  other  place ;  then  the  point 
where  the  edge  of  the  quadrant  cuts  the  wooden  horizon  will 
givil  tha  angle  of  position  between  the  two  places,  whioh  is  es« 
timatedia  degreeafix>m  the  north  pcunli  or  it  may  be  reckoned 
by  the  points  of  the  compass. 
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1.  BfCqiiired  the  angle  of  positioa  between  Tiondon  and  Madias. 
Amwer.    90^  from  the  north  towazds  the  east. 

2.  Bequixed  the  angle  of  poaitiop  between  liondon  and  Jamaica. 
Annoer.    The  quadrant  of  altitude  fiJls  upon  the  west  point  of  the 

hoiiaon ;  the  angle  of  position  is  90°  from  the  north  towards  the  west. 

3.  What  is  the  angle  of  position  between  Madrid  and  Philadelphia? 
Amwr.    65^.  ' 

Problem  XXIV.  To  Jind  aU  the  places  to  which  a  bmar 
eclipse  is  visible  at  a  given  instant 

Rule.  Find  (bj  Prob.  XVI.)  the  place  to  which  the  sim 
is  vertical  at  tlie  given  time ;  bring  the  place  to  the  brass  me- 
ridian, and  rectify  the  globe  to  the  latitude  of  that  place ;  then 
at  aU  places  within  70  degrees  of  this  place  an  eclipse  of  the 
sun  may  be  visible,  especially  if  it  be  a  total  eclipse.  For  a 
lunar  eclipse,  after  proceeding  as  before,  set  the  hour  circle  to 
Xn.  noon  ;  turn  the  globe  till  the  hour  circle  is  at  XII.  mid- 
night ;  then  an  eclipse  of  the  moon  will  be  visible  to  all  those 
places  which  are  above  the  wooden  horizon. 


1.  There  was  an  ecUpse  of  the  sun  on  the  9th  of  October,  1847t  at  29 
minutes  past  7  o'clock  in  the  morning,  at  London;  to  what  places  might 
it  be  visible? 

Antfoer,    To  Hindostan,  Arabia,  &c 

2.  An  eclipse  of  the  moon  took  place  on  the  26th  of  January,  1842, 
at  6  o'clock  in  the  afternoon,  at  London;  to  what  places  was  it  visihle? 

Annoer.    Europe,  Asia,  Australia,  and  a  portion  of  Africa. 

3.  An  eclipse  of  the  moon  took  place  on  Uie  31st  of  Msft  1844,  at  60 
minutes  past  10  in  the  evening,  at  London ;  to  what  places  was  it  visible? 

Annoer,    Europe,  Africa,  and  a  portion  of  Asia. 

4.  An  eclipse  of  the  moon  will  take  place  on  the  7th  of  January,  1852, 
at  80  minutes  past  6  in  the  morning,  at  London;  to  what  plaoes  will  it 
be  yisible? 

Answer.    Visible  at  London,  &c. 

Problem  XX  Y.  To  place  the  terrestrial  globe  in  the  sun- 
shine,  so  that  it  may  represent  the  actual  position  of  the  earth 
with  respect  to  the  sun. 
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RuLB.  Place  the  globe  directly  north  and  south,  bj  means 
of  the  mariner'a  compass  usually  placed  beneath  the  globe, 
taking  care  to  bring  the  north  pole  of  the  needle  24  degrees 
to  the  west  of  the  north  point  of  the  compass,  which  is  the 
allowance  at  present  for  the  variation  ;^  bring  the  place  where 
you  are  living  to  the  brass  meridian,  and  elevate  the  pole  to 
its  latitude ;  then  the  globe,  with  its  various  lines,  &c.,  will 
correspond  in  every  respect  with  the  position  of  the  earth,  and 
the  imaginary  lines,  &c.,  upon  it,  with  respect  to  the  sun. 
The  point  to  which  the  sun  is  vertical,  the  illuminated  hemi- 
sphere, &c,  may  all  be  at  once  determined. 

Problem  XXVI.  To  construct  a  horizontal  dial  hy  the 
globe  for  a  given  latitude* 

Rule.  Place  the  globe,  as  in  the  last  problem,  directly 
north  and  south ;  rectify  the  globe  to  the  latitude  of  the  place ; 
bring  the  first  meridian  to  the  brass  meridian ;  then  observe 
the  points  where  the  hour  meridians  on  the  globe  cut  the 
horiason,  and  number  these  points  according  to  the  hours  of 
the  day ;  thus  the  point  of  the  dial  at  the  brass  meridian  must 
be  numbered  XIL,  thence  XL,  X.,  &C.,  towards  the  west  for 
the  morning  hours,  and  L,  11.,  &c,  for  the  evening  hours. 
The  style  of  the  dial  represents  the  axis  of  the  earth,  and 
must  therefore  always  make,  with  the  plane  of  the  horizon, 
or  the  plane  of  the  dial  plate,  an  angle  equal  to  the  latitude 
of  the  place. 

THE  CELESTIAL  GLOBE. 

DEFINITIONS   AND   EXPLANATIONS. 

1.  The  celestial  globe  is  constructed  to  represent  the  aspect 
of  the  heavens ;  all  the  stars  are  laid  down  on  its  surface  ac- 
cording to  their  relative  situations ;  and  the  various  imaginary 
circles  and  points  upon  the  terrestrial  globe  are  supposed  to 

*  At  London. 
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be  haiMfatcd  to  tfie  cekatMl  eaew  Ttei«litiM3paotieiy«#tlu8 
globe,  from  east  to  we«t,  repwsoente'  tike  appweM  diiuniri 
motioii  of  the  son,  moon,  and  aCars,  to  a  spectator  au^oaecl  to 
be  situated  in  the  centre  of  the  globe. 

2.  7%e  latitude  and  hn^iiude  of  a  Har  or  pUmBL — The 
ktitade  of  a  bodj,  on  the  celesftial  globe,  is  its  distanoe-  fiam 
the  ecUptic,  north  or  south,  measured  in  degrees  on  a  great 
circle  passing  through  the  body  and  the  pole  of  the  ediptic ; 
and  the  longitude  is  the  distance  of  the  point,  where  the  great 
drele  cats-  the  ediptic,  from  the  first  point  of  Aries.  Littilude 
and  longitude  are  r^erred  to  the  ediptic,  on  the  o^esifal 
globe,  but  on  the  terrestrial  globe  thej  are  referred  to  ihe 
equator. 

8.  7%e  declination  and  right  ascension  of  a  heavenly  body.  — 
The  dedination  of  a  bodjr  is  its  distance  from  Uie  eqainoetial, 
north  or  south,  measarad  in  degrees  on  a  meridian  passing 
through  the  body ;  and  the  right  ascension  is  the  distance  of 
the  point  where  this  meridian  cuts  the  equinootijU,  from  th^ 
first  point  of  Aries.  The  right  ascension  of  a  bedjr  is  somok- 
times  expressed  in  hoursy  making  the  usoal  aUowaace  of  one 
hour  of  dme  for  15  degrees-  of  distance. 


PBOBLHtfS'  ON  THE  GSLESTIAL  OLOB& 

Problem  I.  To  find  the  right  ascension  and  detMnsOittn 
of  the  sun  or  of  a  star. 

Rule.  Bring  the^  sun's  plftce,  or  the  given  star,  to  the 
brass  meridian ;  the  degree  over  it  is  the  declination,  and  the 
degree  on  the  equator  cut  by  die  brass^  meridian  gives  the 
right  ascension. 


1.  Beqfiiired  the  right  motDSooBt  and  dedHnstica  oTBsgahis,  hi  thfe 
oonstdlaticn  of  the  lion. 
Annoer.    Bight  esoenaon  160*',  decsIinatioD  12®  47'  noorth. 
Bequired  the  right  aacemdon  and  dedisatixni  of  the  IbUowhig  stais:— 
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2.  Cqpella,  in  the  eonsteUation  of  Auriga;  3.  Dubhe,  in  the  conetel- 
Jation  of  the  Great  Bear;  4.  Aidebaran,  in  the  constcUation  of  Xaunas; 
6.  ArcturuB,  in  the  consteUation  of  Bootes. 

Amwerg.    (2.)  BjghtaBoeoaon  76^  declination  46^  49'  N. 

.(a.)  Bight  aaoention  J163<>  15',  declination  62<>  36'  K. 

(4.)  Bight  ttBcenflion  66^,  declination  16<>  10'  N. 

(6.)  Bight  ascension  21Ao»  declination  20<>  d' N. 

P&oaxjMC  IL  J^e  right  asceimou  and  d^dinaiiim  €f  a 
ifcwrivm/^  Jbci4lf  J^^f  ffwm^  to  find  iU  place  im  the  globe* 

BuLE.  finog  the  ^vea  degree  of  right  aeoenakm  (or  the 
^ven  time  of  right  ascension)  to  the  brass  meridian;  then 
under  the  givon  degrees  of  declination^  reckoned  on  the  brass 
mendian,  yssta  will  find  the  place  of  the  body. 

Examples. 

1.  Beqpcdred  the  star  whose  right  ascensioii  is  76^  46',  or  i6  hours  7 
minutesi  and  declination  8^  24'  south. 

Answer.  Bigel,  a  star  of  the  first  magnitude  in  the  eonsteUalion  of 
Orion. 

What  stars  hove  the  following  right  ascenaona  and  declinations } 

Right  Aflcensions.  Declinfttioni. 

^.  261®  SC  or  17  h.  26  m.  62°  25' N. 

3.  6  h.  38  m.  16^  29'  S. 

4.  19  h.  43  m.  8'>  26'  N. 
6.                        7  h.  85  m.                  28^  26'  N. 

j^mmmm.  (2.)  ^  *  jtar  of  the  second  magnitnde  in  the  oopstcQatiPn 
«f  Biaco;  (3.)  Siriu%  in  the  Great  Dog;  (4.)  Altair,  in  the  Eagle: 
(5.)  Follax,  the  south  twin. 

■ 

Tboblem.  hi.  7b  find  the  latitude  and  longitude  tf  ang 
etar, 

Sdub.  JMog  the  pole  of  ihe  ocUpiic  to  ike  brass  merid- 
ian;  fix  the  quadrant  Af  ialtilode  awer  the  pole,  jand  joo^fi  the 
quadrant  tiU  its  edge  comes  over  the  star ;  then  the  degree  of 
the  quadrant  over  the  star  is  liie  latitude,  and  the  number  of 
4dagnfi8  JMJyjiiiiAe.a^yHrfite'fiMWhrant  and  4he  feat  point 
of  Ariaa^^Hwliigiliiili 

S8 
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EXAXTLES. 

1.  What  k  tbe  ktitade  and  longitude  of  Aldcbanm,  m  tlie  eooHellft' 
tion  of  Taurus? 

Amwer,    Latitude  6°  28'  S.,  longitttde  2  signs  6^  63'. 

2.  What  is  the  latitude  and  longitude  of  PoUuz*  in  the  ronsNilatinn. 
of  Gemini? 

Antw^r.    Let.  6<>  30' N.»  long.  3  signs  21^ 

Problek  IY.  The  day  and  houTj  and  the  kaUude  of  the 
place^  being  given^  to  place  the  ceiestkU  globe  eo  aeio  repruaU 
the  appearcmce  of  the  heavens  at  that  place  and  lime* 

Rule.  Place  the  globe  north  and  sooth,  bj  the  marinei^s 
compass ;  rectify  the  globe  to  the  latitade  of  the  place ;  bring 
the  san's  place  in  the  ediptic  to  the  brass  meridian;  set  the 
hoar  circle  to  XII. ;  turn  the  globe  till  the  index  of  the  isoor 
circle  points  to  the  given  hour  of  the  day ;  then  in  this  posi- 
tion the  stars  figured  on  the  globe  will  exactly  correspond  with 
the  actual  appearance  of  tbe  stars  in  the  heavens. 

Problem  V.  The  dag  and  hour^  and  the  latitude  of  the 
placej  being  given^  to  find  what  stars  are  rising^  setting^  and 
culminating. 

Rule.  Rectify  the  globe  for  the  latitude  of  the  place ; 
bring  the  sun's  place  to  the  brass  meridian ;  put  the  hour  cir- 
cle to  XII. ;  turn  the  globe  till  the  hour  circle  indicates  the 
given  hour  of  the  day ;  then  all  the  stars  on  the  eastern  semi- 
circle will  be  rising,  those  on  the  western  semicircle  will  be 
setting,  those  under  the  brass  meridian  will  be  culminating,  or 
in  their  southing,  and  those  stars  above  the  wooden  horizon 
will  be  visible  at  the  given  time  and  place. 

To  determine  those  stars  which  never  set,  turn  the  globe 
on  its  axis ;  then  those  stars  which  do  not  go  below  the  wood- 
en horizon  never  set  at  the  given  place. 


1.  To  find  the  onrertrilstinni  which  are  riaing,  setting,  and  culminating, 
on  tbe  SOth  of  January,  at  a  o'dook  in  the  mocnsDg  at  I^ondon. 
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Anawer,  The  consteUation  of  Lyra,  &c,  ore  rising;  Andxomeda, 
kc*t  are  eettiiig ;  and  the  Great  Bear,  &c.,  are  on  the  meridian. 

2.  To  find  the  stars  which  are  rising,  setting,  and  cuhninating,  on  the 
8th  of  February,  at  9  o'clock  in  the  evening  at  London. 
-  Afuwern    A  star  in  the  Northern  Crown  is  rising ;   Arctunis,  in 
Bootes,  is  a  little  abore  the  horixon ;  Sirius  is  on  the  mmctian ;  Markah, 
in  Pegasus,  a  little  bebw  the  western  horiaon. 

Problbu  VL  To  find  the  time  when  any  heavenly  body 
wiU  risey  come  to  the  meridian^  cmd  eei^  on  a  particular  day^ 
tU  any  given  place. 

Rule.  Rectify  the  globe  for  the  latitude  of  the  place ; 
bring  the  sun's  place  in  the  ecliptic  to  the  brass  meridian ;  set 
the  hour  cirde  to  XII. ;  turn  the  gbbe  till  the  g^ven  sttur* 
comes  to  the  eastern  edge  of  the  wooden  horiacm ;  then  the 
hour  circle  will  show  the  time  of  rising;  now  turn  the  globe 
tiD  the  star  comes  to  the  brass  meridian,  and  the  hoar  circle 
will  show  the  time  of  its  culmination  or  southing ;  lastly,  turn 
the  globe  till  the  star  comes  to  the  western  edge  of  the  wooden 
horizon,  aad  the  hour  circle  will  show  the  time  of  setting. 

EXAXPLBB. 

1.  At  what  tone  will  Arcturus,  in  the  constellation  of  Bodtes,  rise, 
culminate^  and  set*  at  London  on  the  7th  of  September  ? 

Answer,  Arcturus  will  rise  at  about  a  quarter  past  7  in  the  morning, 
culminate  at  a  quarter  past  3  in  the  afternoon,  and  set  at  three  quarters 
past  10  at  night. 

%,  At  what  time  win  Aldeberan,  in  the  constellation  of  Taurus,  rise, 
ftc.,  at  Bdinbuxgh  on  the  26th  of  November  ? 

Annoer.    Itrisesat  about  half  past  4  in  the  aftemoanyftc* 

Problem  YII.  The  day  of  the  months  the  latitude  of  the 
placCy  and  the  aUitude  of  a  star  being  given^  to  find  the  hour 
of  the  night. 

Rule.  Rectify  the  globe  for  the  latitude  of  the  place ; 
bring  the  sun'd  place  in  the  ecliptic  to  the  brass  meridian ;  set 

*  The  plaee  of  a  planet  on  the  globe  most  be  fsuad  by  Prob.  Till. 
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the  hoar  eircle  to  XII. ;  Bcrew  the  quadrant  of  allifitde  ui  tiie 
zenith,  and  tarn  it  to  that  side  of  the  metidmt  oa  wftkh  lh# 
Btar  was  obseired ;  move  the  globe  and  the  quadrant  tiB  the 
fetar  is  on  the  degiree  of  the  quadrant  equal  to  the  given  alti- 
tuda^^  tbeatlw-hour  ciccla  will  show  tha  booc  leqfMfad. 

Examples. 

1.  At  Rome  on  the  2d  of  Beeember.  thd'sttt:  €iq;)elltt^  !h  the  eoMftOft- 
tifln  Gf  Attffiga>  WIS  obtarvad  t»b#4a*ihofa  tfat.hosbaair«Klw«l  ot 
the  meridisn ;  required  the  hour. 

AnttMr,    Five  o'clock  in  the  coming. 

2.  At  IjoaAan  on  Ite  29th  of  December,  the  8ta:r  Deueb»  iir  Ihcf  tail 
of  the  Xieov  w«i  tend  t»  ha4a^  dbov#  the  hertna^  sad  tflrt;of  tt» 
metMan;  Btqpred the  houa. 

AuBwar*    Aboutaquagi«pagt2o*elock>iathemnnMa|^, 

Pboblem  VIII.  Given  the  y/Bar  and  the  dag^to  find  th0 
place  of  a  planet  on  the  globe^ 

Bcr£ff.  BHDjf  t^#  MRi^a  plMc^  a  iIm  aoiiptks  li^  tha  hraaa 
meridiMr  Mt  tiie  boatf  dvrkf  Ur  SIL;  iMd^  i»tla*Xaaliefll 

Almanac,  the  time  when  the  planet  passes  the  meridian  on  the 
given  dajy  and  turn  the  globe  till  the  index  of  the  hour  circle 
points  t»  the  hoof  thm  ibuiid ;  find,  in  the  Almanae^  the  dee- 
lination  of  the  planet  for  the  same  daj;  then  under  this  decli- 
nation, found  on  the  brass  meridian,  is  the  place  of  the  planet. 
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SscnoN  L 

NATURE  OF  CHSXiaTRT.  SIMPLE  AND  OOXPOUND  BODIES. 
▲TTRACTIOK.  CHEMICAL  AFFINITT.  NATURE  OF  ACIDS 
AND   ALKALIES.      SOLUTIONS. 

NATURE  OF  CBEHISTRT.      SIMPLE  AND   COMPOUND  BODIES. 

1.  Chemistrt  is  that  science  which  treats  of  the  proper- 
ties of  the  simple  substances  composing  the  globe,  and  of  the 
various  compounds  resulting  from  their  action  upon  each 
other.  So  far  as  our  present  knowledge  extends,  there  are 
sixty-two  simple  or  elementary  substances,  which,  uniting 
with  each  other,  form  th^  vast  variety  of  substances  found  in 
the  earth,  the  air,  and  the  wafers  of  the  ocean  and  rivers.  A 
simple  substance,  do  with  it  what  we  may,  will  not  yield  any 
other  kind  of  substance  diiferent  from  itself.  Thus  iron  is 
considered  to  be  a  simple  body,  because  we  can  only  obtain 
iron  from  it,  A  compound  body  contuns  two  or  more  simple 
substances  in  a  state  of  chemical  combina* 
lion.  Nearly  all  the  substances  in  nature 
are  compounds.  Sulphur  and  iron  are 
simple  8ui»tances,  but  they  combine  and 
form  a  compound  substance  called  sul- 
pl^uret  of  iron. 

Ex^primmU,    Take  some  iron  filings  and  mix 
them  mtimately  with  about  half  their  weight  of  p.     ^ 

sulphur ;  put  the  miztuxe  into  a  test  tube,  and 
apply  the  flame  of  a  spirit  lamp ;  at  the  same  time  close  the  mouth  of 
the  tube  with  the  fore  finger,  to  exclude  the  air :  the  iraa  and  sulphur 
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oombine  mth  ignitioii^  foirming  the  compound  of  ralphuiet  of  mm a 

black  substance  entirely  diiferent  fiom  either  the  iron  or  sulphur. 

2,  Elementary  substaQces  are  usuallj  divided  ioto  two 
classes,  namely,  metallic  and  non-metallic.  The  fidlowing  list 
comprises  some  of  the  most  importaat  ekfiMBitarf  aohataiicea  :•— 

jNhn-metaUie  JElementt, 
NitloraL  Is"^ ^^ ^  theatmoiphm; 
Hydrogen,  Chlorine,  Carbon,  Sulphur,  Phoqihorus,  Iodine^  fto. 

MkaU. 

Potassium,  the  metal  which  fonns  pottiift  by  <iM»»>ig«iMy  ^n^ CKy^n;^ 
Sodium,  the  metal  which  fenoa  soda ; 
Calcium,  the  metal  which  forms  lime ; 
Magnesium,  the  metal  which  fhnns  msgneaia ; 

Iron,  Copper,  Zinc,  Tin,  Lead,  Manganese,  Arsenic,  Chromium,  Mennxry, 
£mter,  Gold,  Flatimim,  &c. 

3.  There  are  many  substances,  which,  although  they  appe&r 
simple,  are  in  reality  of  a  compound  nature.  Thus  water  la 
a  compound,  being  made  up  or  composed  of  oxygen  and  hy- 
drogen ;  the  air  is  chiefly  a  mixture  of  oxygen  and  nitrogen ; 
common  salt  is  a  compound,  con||inirtg  chlorine  and  sodium ; 
and  60  on  to  oiher  cases. 

DIFFERENT   KINDS    OP  ATTRACTION. 

4  Aftraciian  m  one  of  the  distinguishing  qualities  of  ma- 
terial subc^tances.    There  are  yarious  kinds  of . attraction. 

AUraction  of  graviMian.  —  A  stone  falls  to  the  ground  in 
consequence  of  the  eartli's  attraction,  and  the  planets  in  the 
solar  system  are  maintained  in  their  orbits  round  the  sun  by 
the  attractive  force  which  be  exerts  upon  them.  This  is  called 
the  attraction  of  gravitation,  and  it  subsists  between  bodies  at 
all  definite  distances  from  each  other.  • 

5.  Magnetic  attraciioiu  —  This  is  familiarly  exhibited  it  the 
attraction  which  the  poles  of  a  magnet  have  £>r  soft  iron* 

6.  Electricai  cMraction, 

JBtp»im$tti.    If  a  stick  of  aea&ng  wax  (or  a  glMS  t«he)  be  ndted 
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•harply  with  *  dry  silk  hwUfaweldel^  t3;e  sealing  wax  will  attract  small 
euttixigs  of  light  papoc    This  is  called  electrical  attraction. 

Exp,  1.  If  an  apple  be  cut  bk  t««  with  a  sharp  biilb,  tiie  pieeea  may 
be  put  togeCSas  a»  aa  %»  a4b6r& 

Kxp.  2.  Take  two  balk  of  lead ;  scn^  a  dean  portion  in  each ;  faring 
the  clean  parts  in  contact,  and  rub  the  balls  together  by  giving  them  a 
circula^^  motion :  they  stick  or  cohere  together. 

Exp.  3.  Two  polished  plates  of  metal  placed  together  require  consid- 
cmUe  toKo  to  separate  thent. 

The  force  mmuie&ted  in  these  experiments  ia  called  the 
attraciiim,  oftokeUo^  or  odhMMg^  The  miAate  partided,  or 
molecules,  of  which  bodies  are  eomposedy  are  keld  together 
by  the  attraction  of  cohesion  subsisting  amongst  these  parti- 
cles. Bodies  are  solid,  Kquid,  or  aoritbim,  according  as  the 
force  of  cohesion  U  modiiicd  hy  heat. 

8^    CixpiUary  cdiraeiiQn  is  a  peculiar  form  of  cohesion* 

Exp^  I.  Phnzge  the  extremity  of  a  small  glass  tube  in  water :  the  fluid 
rises  within  the  sma&  hate  of  the  tule. 

Exp.  2.  Place  a  piece  of  lump  sugar  on  8  ftw  drops  of  water :  the 
fluid  rises  thronyh  the  fine  pores  of  the  sugar. 

CHEMICAL-  ATTBACTIONy   OR  AFFINITY. 

9.  However  intimately  the  sulphur  and  iron,  in  the  experi* 
ment  Art  1  may  be  mixed,  we  can  only  by  this  means  pro- 
duce a  mechanical  mixture  of  the  particles  of  the  two  sub- 
stances; but,  after  chemical  combination^  there  is  no  trace 
left  of  either  the  sulphur  or  the  iron.  CTtemical  affinity  dif- 
fers, in  certain  respects,  from  all  other  kinds  of  attraction.  It 
resembles  oohesion,  inasmuch  as  it  subsists  between  the  par- 
ticles, of  matter  and  holds  them  together ;  but  while  cohesion 
takes  place  between  particles  of  the  same  sort,  affinity  is  ex- 
erted between  the  particles  of  different  kinds  of  matter ;  and 
while  cohesion  produces  no  change  in  the  pi-operties  of  a  sub- 
stance, affinity  is  almost  invariably  attended  with  a  marked 
change  in  the  appearance  and  other  properties  of  the  sub- 
stances forming  the  compound.     All  chemical  changes  are 
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produced  bj affinity, ordiemical attnctkn.  ComlRiifttioa and 
deoomposition  are  Uie  results  of  chemical  actioo* 

ConMnaiion  takes  place  when  partides  of  different  kinds 
of  matter  unite  and  form  a  new  sobstanoe. 

DeeompomtMn  takes  place  when  a  substance  is  resblred  into 
the  different  kinds  of  matter  of  which  it  is  composed  or  made  op* 


1.  To  s  g^sM  of  water  add  a  little  oil :  the  oil  floats  v^nn  the  water, 
but  does  not  mmhine  with  it.    Water,  thereforc^  has  no  affinity  for  oiL 

2,  Add  ammoma  ;  Mar  the  mixture  with  a  g^aM  xod :  the  dl  and  the 
ammonia  oomfainew  and  loan  a  aoaor  aiifartaiio&  called  a  ItnimettL  Oil 
and  ammonia,  there&ve,  have  an  affinity  in  each  other.  This  is  a  case 
of  simple  oombmatiaQ. 

5.  To  the  soapy  compound  in  the  last  expeiiment  add  a  few  dropa  of 
sulphuric  acid,  (oil  of  Titriol ;)  the  ammonia,  having  a  greater  affinity 
Ibr  the  sulphuric  add,  quits  the  oil,  and  combines  with  the  add,  forming 
the  sulphate  of  ammonia :  the  oil,  being  set  free,  again  floats  upon  the 
surface.  Ihis  is  a  case  of  composition  as  wdl  as  of  decomposition :  it  is 
therefore  an  instance  of  what  is  called  tmgh  eketioB  affbUijf* 

4.  Dissolve  some  acetate  of  lead  (sugar  of  lead)  in  a  glass  of  water ;  * 
add  a  few  drops  of  sulphuric  add :  a  white  compound  of  su^uric  add 
and  oxide  of  lead  is  predpitated,  or  foils  to  the  bottoiMluf  the  glass. 
This  is  also  a  case  of  single  elective  affinity. 

6.  To  a  sdntion  of  acetate  of  lead,  add  a  few  drops  of  a  solution  of 
sulphate  of  soda,  (Qlanber  salts :)  sulphate  of  lead  is  predpitated,  as  In 
the  last  experiment,  and  acetate  of  soda  remains  in  solution.  Here  there 
is  a  mutual  interchange  of  substances :  hence  it  is  called  a  case  ofdoubk 
eledive  affinity* 

10.  Compositions,  as  well  as  decompositions,  are  continually 
going  on  in  the  processes  of  art  and  nature.  A  piece  of  chalk, 
(carbonate  of  lime,)  heated  to  redness  in  the  fire,  gives  off  a 
substance  called  carbonic  acid  gas,  and  quick  lime  is  left. 
When  charcoal  (the  carbon  obtained  from  wood)  is  burned 
away,  the  oxygen  in  the  air  combines  with  the  carbon  or  char- 
coal, and  forms  carbonic  acid  gas,  which  is  of  course  thrown 
into  the  air,  and  i^  thus  apparently  lost ;  but  there  is  no  such 
thing  as  destruction  or  annihilation  in  natui^,  for  substances 

*  When  any  substance  is  dissolved  in  water,  it  is  caUed  a  solatloa  of  ttat 

■ubvtance. 
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can  eafy  change  their  fom  of  comlmaliaD*  When  a  piece 
of  himp  sngar  is  disaolTed  in  water,  the  sugar,  although  no 
longer  yisible,  is  not  destroyed;  it  has  combined  with  the 
water,  forming  a  solutioa  of  sugar*  la  like  manner,  we  are 
able  to  explam  all  other  ohanfea  of  form  which  bodiea  un«- 
dergo  annndtt&. 

IL-  mauss  os  ACXDa  Aim  altattts. 


1.  Add  a  few  dtapa  of  sulphtnie  add  to  a  g^aM  of  water;  taate  the 
diluted  add :  it  is  sour  or  acid  to  the  taste.  Add  a  little  of  the  vtgttabh 
Mie  liquor  of  red  cabbage  *  ta  a  glass  of  water;  add  a  little  of  the  diluted 
sulphuric  add  to  this  Uue  solutum :  it  is  changed  to  a  red  color.  The 
same  experiment  may  be  performed  with  any  other  add. 

Thus  iictds  are  sour  to  the  ta$U^  and  change  v^geiabU  Uue 
cohnipred* 

2.  Ammonia,  poCsfsa,  and  soda  ore  the  most  common  and  important 
y1tftli«»<i-  Add  drop  by  drop  of  a  solution  of  ammonia  to  the  red  liquor 
of  the  last  experiment,  until  the  red  color  is  changed  to  a  greenish  Uue. 
Taste  the  liquid :  it  is  no  longer  sour  oc  add.  Add  now  more  add,  drop 
by  drop,  until  the  red  color  is  restored ;  and  so  on. 

Thus  aSkaliei  netUralize  the  effect  ofaeids,  cmd  change  the 

vegetable  Hues  to  green. 

Blue  sHps  of  paper,  stained  by  litmus,t  ore  commonly  used  to  ascertain 
when  an  alkali  exactly  nentrafixes  an  add. 

3.  To  liquid  ammonis  add  sulphurie  acid,  until  •  slip  of  blue  litmus 
paper,  dipped  int&  «ho  mixture^  is  about  to  change  iu  colar  to  red*  This 
is  a  sohition  of  su^ihate  of  ——""«■"-  Here  the  sulphuric  add  oombinea 
with  the  ammonia,  and  fiuma  the  sulphate  of  nmmnnia,  the  name  of  the 
oompound  being  farmed  so  as  to  indicate  its  composition.  In  like  man- 
ner, carbonic  add  united  to  lime  forms  the  compound  of  carbonate  of 
lime ;  and  so  on  to  other  cases. 

In  the  same  manner  Tarious  other  salts  may  be  fbrmed. 

4.  TakeasmaUbitof^hoipharus;  see  flre  to  it  upon  apices  of  gtaM 

•  TMafii  simply  pMpoied  by  boOiag'  eomaom  red  cabbage,  eat  faito  small 
pifdts,  te  athost  tiaie,  in  aa  more  water  than  is  just  suffident  to  cover 
them. 

t  litmns  is  a  vegetable  blue. 
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or  tin  plKcd  in  the  eeabe  <tf  a  coiamon  plate,  and  immediatdr  cow  it 
with  B  Urge  di;  gUM.    The  pboaphonu,  u  it  bunn,  oombinei  witli  tlie 
oxygen  oT  the  ail,  and  thuafiinni  phoaphoiic  add,  whidi  riieB  in  wbita 
flakea  within  the  glan,  end  finally  fal&  upon 
the  plate  like  mow.    Theae  Oakca  have  a  fine 
odd  taite.  ASta  the  ignitioii  haa  caaicd.  pcau 
a  little  water  <ki  the  plate ;  thia  diasidTea  the 

Tbia  acid*  comlnning'with  anunoniat  fbnna 
phoaphaie  of  anunmiia;  with  nda.  it  fivma 
phoaphate  of  soda ;  with  lime  it  fbtma  phoa- 
pbaie  of  lime^which  ia  jrincipally  the  com' 
pcntionof bimea;)  andaoon.  fig,  3. 

G.  Born  aulphur  aAer  the  manner  described 
in  the  laat  experimsnt.  Here  the  aulphur,  aa  it  bunia,  cnmbinea  with  the 
oxygen  in  the  air,  and  fbnna  aalphuntua  add,  which  riais,  in  the  fbmi 
of  acolnlnagaa,  into  theiutedoiof  the  glas..  Put  a  violet  Bowb- (or  a 
piece  of  litmua  paper)  into  the  glaaa  :  the  color  ia  discharged.  A  little 
water  poured  into  the  plate  diaaolrca  the  g». 

By  a  peculiar  nuxtiScatioa  of  thia  proccaa  aulphuiic  acid  ia  made^ 
which  ia  a  more  powerful  acid  than  aulphumua  add,  in  coDsequetce  of 
containing  more  oxygen. 


12.  When  a  substance  diBsolves  in  water,  the  Bobetanoe  is 
■aid  lo  be  Boluble,  and  we  obtain  a  solution  of  it.  The  solu- 
tion of  bodies  in  liquids  presents  us  vitb  the  most  simple  case 
of  chemical  attraction.  Water  readily  combines  with  sugar, 
common  salt,  sulphuric  add,  alcohol.  Sec ;  and,  on  the  contrary, 
it  shows  no  tendency  to  unite  with  oil,  ether,  tta.  Camphor 
readily  dissolves  in  alcohol,  but  it  is  almost  insoluble  in  water. 
The  process  of  solution  is  much  accelerated  by  heat  and  agi- 
tation. In  order  to  obtain  a  concentiated  soluiian  of  some 
substances,  the  liquid  must  be  boiled  in  a  common  oil  flask  for 
some  lime  with  the  substance.  Lime  is  sparingly  soluble  in 
vater;  yet,  if  a  little  lime  be  added  to  distilled  water,  a 
sufficient  portion  will  be  dissolved  to  indicate  the  presence  of 
lime.  Distilled  or  pure  water  should  be  used  for  making 
solutions ;  however,  in  most  cases,  clean  rain  water  will  do 
very  welL 
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1.  Add  «  imaU  pieoe  of  *>— "!*«■•  to  aloolidl  or  ipfaiti  of  wine ;  itir 
the  mUture;  the  camphor  ie  toon  diaaolTed,  and  a  dear  nlution  of  cam- 
phor in  alcohol  is  obtained. 

Four  a  little  of  this  solution  into  »g^  of  water;  the  alcohol  unites 
with  the  water,  and  lesres  the  camphor  floating  upon  the  sutfi^e. 

2.  Add  a  little  lime  to  a  bottle  of  rain  or  distilled  water;  shake  it 
up;  and,  after  corking  the  bottle,  set  it  aside  until  the  paitidei  of  lime 
have  setUed  to  the  bottom :  pour  some  of  the  liquid  into  a  glass,  and  a 
dear  solution  of  lime  is  obtained.  • 

3.  ])iss(ilTealtttlecaibooateofpota8aa(pear]a8h)inag^Qfwater; 
a  dear  solution  of  the  salt  n  thus  obtained ;  add  a  few  drops  of  this 
solution  to  lime  water:  it  becomes  milky,  owing  to  the  fiirmation  of  car- 
bonate of  Ihne.  Here  the  carbonic  add,  having  a  greater  affinity  ibr 
lime  than  it  has  for  potassa,  combines  with  the  hme,  and  leaves  the 
potassa  in  solution.  The  caxbonate  of  lime  Ib  said  to  be  pr^pitated ; 
that  is,  it  falls  to  the  bottom  of  the  ghMS,  owing  to  its  bong  nearly  in- 
sduUe. 

4.  Breathe  through  a  tube  into  a  solution  of  lime :  a  milkinew  is  pro- 
duced, owing  to  the  formation  of  carbonate  of  lime.  Here  oarbooic  add 
gas  is  expired  ttom  the  lungs. 


SsenoN  H. 

FAHILIAS  EXPERIMENTAL  ILLUSTRATIONS  OF  THE  PROP- 
ERTIES AND  COMPOUNDS  OF  SOME  OF  THE  MOST  IM- 
PORTANT  SIMPLE   SUBSTANCES. 

CARBON.      CARBONIC   ACID   GAS. 

13.  When  wood  is  burned  (as  is  .done  by  the  charcoal 
burners)  in  irtich  a  manner  as  to  exclude  the  air,  it  U  convert- 
ed into  wood  charcoal^  which  is  nearly  pure  carbon.  The 
diamond  is  perfectly  pure  carbon  in  a  crystallized  form.  Com- 
bined with  Other  substances,  carbon  is  found  in  vegetable, 
animal,  and  many  mineral  substances.  When  charcoal  is 
burned,  in  the  air  it  forms  carbonic  acid — a  heavy  gas,  which 
extinguishes  flame,  and  is  destructive  to  animal  life. 
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X*  P«t  101—  yiiBei<if  cjiwlk  (oaibopate  of . 
botaewUii  a^iiAenDoA;«4ld«ilplniiM 
other  Strang  add :)  Tiolait  eflienreacenoe 
owing  to  the  «MMipe  4f  cartnuc  jtfdd  fu  «Bth;liiejGannu> 
tion  of  ■tdpiiMte  of  lima.  VmetABJmipbmxmmaA  waiim 
Mrkh  the  liwe  in  ihe  ehalk,  «nd  lAie  casbcnnc  «ddi&  itii 
Mt  free  in  4he  fbnn  cf -gas. 

2.  In  tiw  laat  eKpeamoat  the  varhonk  add  gai,  aeit 
is  formed,  gradually  diiyes  oul  the  air  in  the  hotik,  and 
takes  to  plaee.  This-gaa,  heing  CQladeBB,  cannot  hesUa- 
tingnisbad  from  oobmroil  air  by  the  eye :  its  yiatno^ 
however,  may  be  deteetod,  Pliinge  «  bnining  oaadla 
into  the  gas :  the  flasM  is  iaataatly  CKtangaJdiedt  arhila 
the  gas  lemains  unohanged. 


»f.8. 


Thus  carbonic  acid  gas  extinguishes  JUmUf  and  ai  the  same 
time  it  does  not  takejirey  as  some  other  gases  do. 


HTI>BO0Sir.      00MP06ITI0K   0F  WATBE. 

14.  Hydrogen  is  a  colorlesA,  inflammable  gas,  and  the 
lightest  known  substance  in  nature,  it  being  about  14^  times 
lighter  than  air.  Water  is  oodkposed  of  hydrogen  and  oxy- 
gen. Hydrogen  also  enters  into  the  composition  of  the  infiam- 
mable  or  organio  part  of  plants. 

EXPEBIMBNTS. 

1.  Put  a  few  pieces  qf  nnc  cuttings  into  the  wide-moathed  bottle,  (see 
last  fig. ;)  pour  upon  them  some  diluted  sulphuiio  add ;  *  the  mixture 
soon  effenresces,  oanng  to  the  eseape  of  hubUaa  ^  hydrogen  gas,  which 
gradually  displace  the  air  and  fill  the  bottle.  Corer  the  bottle  with  a 
plate,  or  with  a  pieoe  of  window  glasB,t  to  prer^ent  the  cxteraal  air  from 
mingling  with  the  faydragen.  "When  a  sufficient  quantity  has  been 
obtained,  take  off  the  cover,  and  plunge  a  Ugfated  candle  into  the  gas : 
the  flame  of  the  candle  is  extinguished,  but  the  gas  takes  flre^  and  boms 
at  the  mouth  of  the  bottle,  with  a  pale  ydlow  flame. 

*  A  mixture  of  1  part  of  strong  add  to  about  4  or  6  parts  of  water. 

i*  N.  B.  In  all  experiments  relative  to  gases  generated  in  this  way,  it 
must  always  be  understood  that  a  plate,  or  a  piece  of  window  glass,  ia  to  be 
laid  over  the  mouth  of  -the  Tassel  ibr  a  fern  saoonds,  in  order  1o  T«rfw^  the 
external  air. 


.1:^. 
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'When  hjilrogen  ia  tnlzed  vitb  comman  air,  the  ignition  gov  on  mace 
rapicDr,  and  Bometimci  with  •  BligU  explotum  ;  but  the  ezperiment  maf 
be  made  with  pofcct  u&t;  in  themuui«rjtitt  dMcribed. 

In  ttiia  ezperimeot,  the  nilidinTic  uM,  the  oxjgai  potiiin  at  tlw 
irat^r,  and  ihe  xinci  condiiiic  and  ibrm  the  lulphaCQ  cC  tly  "xf4^  of 
nna  i  which  tenmins  in  solution,  while  the  hjdiagem  portico  of  the 
yraxat  eKspei  in  the  farm  of  «  gas. 


Ti)))9  hydrogen  burnt,  but  doa  not  tvpport  fiame. 


2.  Genemte  bydiogcn  in  q  bottle,  ai  in  the  la«t 
exnoimeDt ;  and,  aj^r  the  air  hai  betn  drivai  md, 
chiae  the  mouth  with  a  roric,  tlirough  which  the  tube 
of  p  totfacoo  pipe  passes;  light  the  goi  m  it  vena  from 
the  Sue  opening  of  th^  tube.  IuBcit  thii  imall  flame  a 
few  inches  into  a  f^aga  tube,  about  twenty  inchet  long 
and  me  inch  in  diameter.  As  the  hydrogen  bonu,  it 
oombinea  with  the  oxygen  of  thd  air ;  thua  water  ii 
fbcmed,  which  ooros  the  interitjr  of  the  tube  in  the 
facta  of  moiMure.  After  a  ahort  time,  the  tube  emit* 
mnncd  lound*.  TluaeBound*  are  produced  fay  the  air 
rushing  in  to  fill  up  the  Tind  fonned  by  the  'gn'titw 
of  the  hydrogoi.  To  «bow  the 
dry  glaaa  in*y  be  held  era  the  flame. 


OZTOSN   Aim  NTT80GEM.      TBE  ATHOBFHSBK. 

15.  The  atmosphere  ia  a  mixtnra  of  oxygen  and  nitrogen  ; 
there  is  also  a  small  portion  of  carbonic  add  gas  aheay 
preteot  in  the  air. 

Expaantaarg. 

1.  Pot  a  lighted  wax  candle  on  the  taUe ;  place  OTK 
it  a  glass  jar,  ivtviously  dried  with  caie;  the  candle 
soon  begins  to  burn  dimly,  as  the  inflammable 


in  it  consume  the  oz^en  cf  the  air.  and,  afto  a  little 
time,  the  flame  is  eztingmdied;  the  interior  ctf  theglaH 
will  now  be  finmd  covsed  with  drop*  of  watCT.  Hen 
the  candle  is  extinguished,  in  consequence  of  the  eon- 
•nmptioD  of  the  oxygen,  which,  uniting  with  the  hydro- 
gen and  caibon  of  the  tallow,  Ibnntwatii  and  caibonic 
•ddgas.  (SeeelsoEip.*.  Art.  II.) 
I.  Pnt  a  lighted  candle  (supported  by  a  h«nt  wiie  pasni 
8» 
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Fig.1. 


cork)  into  a  large  bottle;  close  the  mouth  of  the  bot- 
tle :  the  flame  soon  becomes  dim,  and  then  goes  out,  in 
consequence  of  the  air  being  no  longer  able  to  support 
combustion.  Take  out  the  candle,  rekindle  it,  and 
plunge  it  into  the  bottle :  the  flame  is  immediately  extin- 
guished. 

If  a  living  animal  were  confined  in  a  close  bottle  after 
the  oxygen  in  the  air  becomes  vitiated,  the  animal  would 
die.  A  second  animal,  placed  in  this  vitiated  air,  would 
at  once  expire. 

3.  Take  a  large  bottle  containing  com- 
mon air ;  place  its  mouth  in  water;  close 
the  nostril  with  the  forefinger  and  thumb, 
and  inspire  and  expire  the  air  in  the  bot- 
tle, by  nieans  of  a  bent  pewter  tube,  for 
a  few  seconds.  At  each  inspiration,  the 
water  rises  in  the  bottle,  and  at  each  ex- 
piration the  water  falls.  Take  the  bottle 
containing  the  air  which  has  thus  been 

yitiated  by  passing  through  the  lungs,  pAnge  a  lighted  taper  into  it,  as 
in  Exp.  2  :  the  flame  is  extinguished.  Here  the  oxygen- of  the  air  is 
consumed  in  the  act  of  respiration,  and  the  vitiated  air  returned  to  the 
bottle  contains  the  nitrogen,  which  was  at  first  in  the  air,  mixed  with 
carbonic  add  gas.    (See  also  Exp.  4,  Art  12.) 

In  the  process  of  breathing,  the  oxygen  taken  from  the  air 
is  returned  to  it  in  the  form  of  carbonic  acid  gas ;  thus  one 
great  end  of  breathing  consists  in  depriving  the  blood  of  its 
carbon  or  charcoal. 

Thus  oxygen  not  only  supports  JUuMj  hut  also  animal  life  : 
bence  it  is  called  vital  air. 

4.  Place  a  wire,  supporting  a  small  cup,  on  a  stand 
or  shelf  covered  with  water ;  put  a  small  piece  of 
pha<«phorus  in  the  cup;  ignite  the  phosphorus,  and 
then  invert  a  large  bottle  over  it.  The  phosphorua 
consumes  all  the  oxygen  in  the  bottle,  thereby  form- 
ing phosphoric  acid,  and  leaves  the  nitrogen.  Ajfter 
shaking  the  water  in  the  bottle,  (its  mouth  being  still 
kept  under  the  water,)  the  water  rises,  occupying  the 
place  of  the  oxygen  which  has  been  con^nimed.  This 
will  be  found  to  be  about  ^  of  the  air  at  first  in  the 
bottle.  The  residue  is  nitrogen  gas ;  thus  showing  that  \  of  the  bulk 
of  the  air  is  oxygen,  and  f  are  nitrogeou 
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6,  Tako  the  bottle  of  nitrogen  (covering  its  mouth  with  a  piece  of 
glass)  and  place  it  on  the  table  with  its  mouth  uppennost ;  plunge  a 
ligbted  candle  into  the  gas :  the  flame  is  extinguished,  at  the  same  time 
the  gas  does  not  take  fire. 

Thus  nitrogen  neither  iupporte  flame^  nor  does  it  takejlre  a$ 
hydrogen  does. 

C.  Put  some  green  leaves  beneath  an  invert- 
ed glass  filled  with  water,  and  place  it  in  the 
aunshine :  the  leaves  will  be  found  to  give  off 
oxygen  gas. 

Thus  plants  give  off  oxygen  gaSy  while 
animals  consume  it.  Fig.  9. 

7.  Introduce  some  chlorate  of  potaasa  in 
powder  (a  salt  which  contains  a  large  quantity 
of  oxygen)  into  a  test  tube ;  apply  the  flame 
of  a  spirit  lamp :  the  salt  is  decomposed  by  the 
heat,  all  the  oxygen  gas  being  given  off;  apply 
the  finger  lightly  to  the  month  of  the  tube^  to  , 
keep  the  gas  as  pure  as  possible;  plunge  a 
lighted  splinter  of  wood  into  the  gas;  the 
flame  is  much  increased  in  brightness ;  before 
introduction,  blow  the  flame  out  so  as  to  have 
a  red  spark  remaining :  the  wood  is  instantly 

rekindled,  thereby  showing  that  pure  oxygen  is  an  eminent  supporter 
of  combustion. 

8.  Pour  some  lime  water  into  a  glass,  and  allow  it  to  stand  for  a  few 
hours :  a  skin  of  carbonate  of  lime  is  formed  upon  the  surface.  This 
shows  that  there  is  carbonic  add  gas  in  the  atmosphere. 

AMMONIA. 

16.  This  gaseous  substance  is  composed  of  nitrogen  and 
hydrogen.  Water  dissolves  a  large  quantity  of  this  gas,  and 
the  solution  is  called  liquid  ammonia,  or  hartshorn.  It  readily 
combines  with  all  the  acids,  and  forms  salts  of  ammonia. 
This  substance  is  invariably  given  off  from  animal  matter  in 
a  state  of4>atrefaction;  the  ammonia  thus  formed  rises  into 
the  air,  where  it  floats  unUl  it  is  washed  down  by  the  rains  to 
fertilize  the  soiL  It  is  one  of  the  most  fertilLdng  substancea 
fonnd  in  Hum  yard  manure  and  goana 


Fig.  10. 
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EXPE&IMBNTB. 

1.  Hold  test  psptt  over  a  battle  of  liquid  amwinnia :  a  powerful 
alkaline  action  is  exhibited,  ^rneli  the  ammonia ;  it  has  a  ctrang 
pungent  odor. 

2.  Dip  «  gkwi  rod  Ia  hydmehlttte  i6id,  Ud  ISM  ft  6ter  a  bottle 
of  liquid  ammonia ;  white  tones  of  hydrochlorate  of  ammonia  aze 
formed. 

3.  Take  a  bottle  of  hydtociiloric  ttdct  into  k  hone  itable ;  take  out 
the  stopple  of  the  bottle  i  if hlte  ftnlid^,  tt  In  the  litBt  ezpjedme&t,  ail» 
formed  about  th^  mouth  <if  tbe  bottle. 

4.  Trite  two  bottles ;  put  a  little  liquid  ammonia  into  od^ 
of  them*  turning  the  bottle  xtyund  so  as  to  qpread  the  ammonia 
over  the  interior ;  in  hke  manner  introduce  hydrochloric  add 
into  the  other  bottle ;  bring  the  mouths  of  the  bottles  together, 
as  in  the  annexed  cut :  the  dense  White  fumn  of  hydroehlorMe 
of  ammonicl  are  produced. 

5.  Tsko  eciual  parts  of  hydroehloTatc  of  ffindionla  (sal  am^ 
moniae)  Anct  qtdck  lime,  eabh  sefMHatdy  powdeated^  and  mix 
them  briskly  together ;  tha  strong  yungeut  ftoaei  <tf  wumaaA-  j^     IT 
acol  gas  will  be  fel^.  ^' 

6.  Perform  the  Ame  expefimeiit  wiih  a  mixture  Of  guano  and  quidt 
lime :  ammonia  i^  )k  this  cflse  given  off  from  the  guano. 

7.  To  a  solfltictti  bf  carbonate  of  amittaifia  add  a  tolutioii  of  otalie 
add  until  effdrescence  ceases :  a  section  of  oxtditte  ef  ammonTa  is 
obtained.  Here  the  add  and  ammonia  combine  with  the  Mcape  of 
carbonic  Acid  gas. 

NITRIC   ACID,  OR  ACjUA  PORTIft. 

17.  This  important  snbstatioe  is  a  conipk>iind  of  ttitrogen 
and  oxygen.  It  is  manufactared  from  nitre,  (nitrate  of 
potassa,)  a  substance  composed  of  nitric  add  and  potassa. 
There  is  teason  to  believe  that  nitric  acid  is  formed  in  the 
air  daring  thunder  storms.  Decaying  organic  substanoed 
containing  nitrogen  yield  this  acid.  Nitric  add,  as  weU  M 
ammonia,  supply  the  growing  plant  with  nitrogen. 

TH£   ATMOSFHfeBE.  » 

1^.  TtiS  (Aikdsphere  Id  Itiat  Vast  ocean  of  elastic  duid  which 
every  where  feurrdurids  the  globed,  extending  to  the  height  of 
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about  fifty  miles  above  the  tops  of  our  highest  mountains. 
This  subtle,  elastic  fluid  bears  on  its  tide  the  exhalation^;  of 
tlie  earth  over  every  clime,  descends  to  the  lowest  depths 
of  our  mines,  and  penetrates  into  the  recesses  of  our  darkest 
cavems.  Although  invisible  to  the  eye,  and  although  bodies 
move  through  it  with  apparent  ease,  yet  the  chemijst  has 
weighed  it  in  his  balance,  and  determined  its  composition  with 
an  exactness  which  challenges  diispute.  Every  where  the 
composition  of  the  air  is  the  same,*  —  as  far  as  regards  its 
essential  elements,  —  whether  it  be  taken  from  the  confined 
alleys  of  our  crowded  cities,  or  from  the  mountain  tops  over 
which  the  healthful  winds  play  with  unobstructed  freedom. 
Winds,  aiT  in  motion,  drive  our  vessels  through  the  ocean, 
and  perform  useful  labor  in  our  windmills.  The  atmosphere 
is  the  great  agent  by  ^ich  heat  is  nearly  equally  distributed 
over  the  earth,  and  without  its  agency  light  itself  would 
scarcely  serve  the  purposes  for  which  it  is  designed.  By  its 
means  moisture  is  scattered  over  the  vegetable  creation  in  the 
form  of  rain  and  dew  ;  and  these  rains  wash  down  ammonia, 
nitric  add,  and  various  cxlialations  ccjseiUial  to  the  growth  of 
plants. 

The  substances  esserUial  to  the  constitution  of  the  atmos- 
phere are  oxygen,  nitrogen,  carbonic  acid  gas,  and  watery 
vapor.  The  oxygen,  as  we  have  shown,  is  necessary  to  Uie 
existence  of  the  animal  world,  and  to  the  support  of  combus- 
tion ;  while  the  nitrogen  tends  to  moderate  the  intensity  of 
the  action  of  the  oxygen.  The  comparatively  small  portion 
of  carbonic  acid  gas  in  the  air  affords  an  important  part  of 
the  food  to  the  vegetable  world,  and  the  watery  vapor,  besides 
serving  other  important  purposes,  tends  to  keep  the  skin  of 
animals  and  the  surface  of  plants  in  a  moist  condition.  The 
beautiful  adjustment  of  the  relative  proportion  of  these  sub- 
stances to  suit  the  wants  of  animals  and  plants,  is  a  remarka« 


*  This  szitM  from  the  dlfibshreaess  of  gases,  or  t)ie  tendency  which  they 
bare  to  intermix  with  each  other,  without  regard  to  their  difference  of 
density  or  heaviness, 
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ble  instance  of  tbe  nice  Captation  of  means  for  the  prodae- 
tion  of  a  proposed  end. 

The  air  is  being  continuaUj  supplied  with  carbonic  aoid  gas 
from  the  respiration  of  animab ;  from  the  boming  of  wood, 
coal,  and  other  combasUble  bodies ;  and  from  all  animal  and 
vegetable  substances  in  a  state  of  decay.  Farm  yard  manure, 
also,  put  into  the  soil  in  a  fermenting  state,  yields  an  abundant 
supply  of  carbonic  acid  gas,  as  well  as  of  ammonia,  to  the 
growing  plant  The  atmosphere,  however,  affords  the  diief 
source  of  carbonic  acid  to  plaiits,  which,  assimilating  the  car* 
bon,  give  off  the  oxygen  into  the  air,  to  make  up  the  deficien- 
cy produced  by  the  respiration  of  animals.  Guided  by  an 
un|pen  power,  one  part  of  creation  administers  to  the  neces- 
sities of  another  part :  thus  plants  and  animals  are  necessary 
to  eadi  other^s  existence,  —  the  one  supplies  what  the  other 
consumes,  —  what  is  discharged  as  useless  from  the  one 
becomes  essential  food  to  the  other.  This  remarkable  law  of 
compensation  seems  to  run  through  the  whole  of  the  universe, 
and  a  proper  appreciation  of  its  nature  cannot  fail  in  forcibly 
impressing  upon  our  minds  the  great  and  solemn  fact  —  that 
the  universe  is  the  work  of  a  Being  infinite  in  wisdom,  gpod« 
ness,  and  truth. 

Thus  the  atmosphere,  which  appears  as  nothing  to  the 
vulgar  eye,  is  not  less  essential  to  the  economy  of  nature  than 
the  solid  matter  of  which  the  globe  is  composed,  or  the  great 
ocean  of  waters  which  fioat  upon  its  surface. 

EXFBBIllBNTa»   WITU   DBIC&IPTIONB  OP  FICBUXATIC  APPARATUS. 

1.  Draw  water  into  the  mouth  by  a  tube.  Here  the 
process  of  sucking  dra^  the  air  from  iJie  tabe,  and  the 
pressure  of  the  external  air  causes  the  water  t6  rise  in  the 
tube.  The  pipette,  used  in  many  chemical  experiments, 
depends  on  this  principle.  When  the  finger  is  placed  upon 
the  upper  opening,  C,  the  fluid  in  the  tube  remains  sus- 
pended ;  and,  on  the  contrary,  when  the  finger  is  removed, 
the  fluid  descends  drop  by  drop  from  the  ftmldl  orifice  O  of 
the  lower  extremity.  (For  a  complete  account  of  the 
various  mechanical  properties  of  the  atmosphere,  sec  the  j(W^i3. 
Treatise  on  Pneumntics.) 


KXi>t:iii>ii:>TAi.  ciiKinsTitr.  i-i 

2.  Inrert  ■  bottle  F,  filled  with  water,  iu  th«  Mme  Buldi  the  wali-r 
remainsnupendeduithebottlebjthepreaBUTeof  the  external  ail.  Blow 
through  a  tube  f  <  ( into  the  nuiuth  <rf  the  bottle  j  theaiirua  inbubbUi 
through  the  water  and  disptacea  it. 

Thii  mplainl  the  pinciple  upoD  which  the  ymwMrtw  trotiffh  depoidi. 
TtSt  iimpk  piece  of  chfrnifiiJ  qtpKatna  it  med  fbr  leetMog  dlAnnt 


Fig.  IS. 

kinda  lof  iimk  is  bottlea  and  gM  reedven :  it  Mnubtt  of  *  tectanpilar 
bough  W  W,  with  the  ihelf  i  b,  haring  a  fmmel-ih^ted  hole  jwiiiji 
diM6^  ft,  fbr  pUciDg  the  bottlea  and  recdTBi  oo ;  when  it  ii  ihout  to 
Vt  nMi,  Inttr  it  poured  into  the  trough,  to  aa  to  etna  the  ihelf  to  tho 
depth  of  ahout  an  inch  ;  the  mouth  of  the  bottle  intended  to  recQTS  tha 
gaa  ii  fdaced  ovet  the  hole  in  the  shdt  and  the  beak  of  the  letort,  in 
wMch  the  gM  b  being  ftmned,  ia  placed  immediately  below  tide  otifice : 
the  gaa  (hen  riaot  m  the  bottle  and  diaiJacea  the  water. 

Ita  thatlUMxed  aBt,rii  the  reb>t,^taining  the  mixture  fr«fnw1ilclt 


the  jH  ii  to  be  made,  with  it*  beak  placed  bdow  Om  hula  in  the  ebdf  w  ,- 
T  the  ipiHtHDMic  trough  flUtd  with  water ;  *  tia  g«  icorinr;  S  the 
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retort  itaiidt  with  its  ring  tiqipartmg  the  retort  r;  AmiAfyand 
ltd  chimney  e,  for  applying  a  steady  heat  to  the  retort  when  it  is  requiied 
for  generating  the  gas :  some  gases,  however,  such  as  hydxogeo,  fiv  ex- 
ample,  are  given  off  from  the  materials  in  the  retort  without  the  aid  of 
external  heat, 

N.  li.  In  the  preparation  of  gases  in  this  way,  it  should  be  ohMrved 
that  the  ga4  which  first  oomes  over  is  mixed  with  the  atmospheric  air  in 
the  retort ;  hence  a  volume  of  gas  equal  to  ahout  twice  the  Tolume  of 
the  retort  slioulJ  bo  thrown  away  as  impure;  this  sboold  especially  be 
attended  to  in  the  case  of  gases  (such  as  hydrogen)  which  detonate  when 
mixed  with  atmospheric  air. 

Gases  may  be  transfened  from  one  vessel  to 
another,  over  the  pneumatic  trough.  In  order  to 
transfer  the  gas  from  0  to  6,  bring  the  lower  edge 
of  «  to  the  mouth  of  b  ;  gradually  depress  the  up- 
per end  of  e  ;  bubbles  of  gas  will  pass  from  e  and 
fill  the  vessel  b. 

When  a  large  quantity  of  gas  is  to  he  made,  the 
ff€u  holder  is  preferable  to  the  pneumatic  trough. 
This  valuable  piece  of  apparatus  consists  of  a  closed 
cylindrical  veescl  A,  and  a  shelf  B,  open  at  the  top,  supported  on  tines 
rods ;  a  e  is  a  pipe,  open  at  each  extremity,  reaching  from  the  bottam  of 
the  shelf  to  the  bottom  of  the  cylinder ;  e  b 
is  another  pipe  which  merely  enters  the  top 
of  the  cylinder ;  communications  can  be 
opeoed  by  the  cocks  ab  ;  <f  is  a  cock  through 
which  the  gas  in  the  cylinder  may  be  drawn 
off ;  A  is  an  aperture  for  introducing  the 
pipe  which  conducts  the  gas  into  the  re- 
ceiver K\  f  g  vi  a  glass  tube  opening  into 
the  cylinder  at  the  top  and  bottom,  to  show 
the  quantity  of  gas  that  may  be  in  the  cyl- 
inder at  any  time.  To  fill  the  cylinder  A 
with  gas :  A  is  first  filled  with  water,  which 
is  done  by  opening  the  three  cocks  a,  6,  ^ 
closing  the  aperture  h  with  a  cork,  and 
pouring  water  into  the  shelf  B  :  the  water 
runs  through  the  pipes  a  and  b  into  A,  ex- 
pelling the  air  through  d.  When  A  is  filled 
with  water,  the  cocks  a^  6,  and  d  are  dosed, 
and  the  aperture  h  is  opened ;  the  water  re-  Fig,  16. 

mains  in  thtf  cylinder  A  in  consequence  of 
the  atmospheric  preisure,  just  in  the  same  way  as  water  ia  suqp^ded  ib 
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the  Urd  ftMiiiain ;  ihtrodhc9tfietub6pitoo«c^ngftoi1k  (lie  mdrt  into  fhe 
aperture  h ;  the  gas  will  then  rise  m  babUes  into  the  cylimler,  disphuriiig 
the  water  through  A.  To  fill  a  jar  B  with  the  gas :  Pour  water  on  the 
■helf  B  ;  open  the  cocks  6  and  •  ;  the  gai  then  xises  in  babbles  into  B, 
fcaxa  the  preasure  produced  by  the  column  of  water  in  the  pipfr  a  c  The 
gas  ma^  aUo  be  irahafibred  through  the  cock  d. 


SUtt»Ht7R. 

19.  This  important  elementary  substanee  aboundsf  in  its 
flitttple  states  in  the  lalaod  of  Sicilj,  and  in  manj  Tokanic 
^tihtrieii:  It  is  also  fbnnd  in  combination  with  iron  and  eo^ 
per,  in  inany  parts  of  the  world.  Sulphuric  acid  id  the  most 
important  compound  of  sulphur ;  united  with  various  bases, 
such  as  lime,  soda,  magnesia,  &c,  it  forms  sulphates,  which 
are  found  abundantly  in  the  mineral  kingdom. 


1.  Meat  sulphtir  in  a  test  tube;  the  vulphuf  first  melts,  ftnd  then 
rises  in  r^pdt,  wUch  condelises  b  the  odd  part  of  the  tube.  (Bed  id*i 
tbcp.  Ij  Art  l,  and  E±^  5,  Art.  11.) 

2.  1\»«  sohitiatt  <tr  faiiryta  add  sulphuric  acid  {  the  white  preeipitat^ 
ol  sUliihate  of  baryta  fallsi  which  is  not  disolved  by  nitric  add.  This 
is  the  best  test  for  the  presence  of  sulphuric  acid. 

3.  Put  some  solphuret  of  iron  in  a  bottk,  and  pour  some  diluted  sul- 
phuric acid  upon  it ;  sulphuretted  hydrogen  gas  ib  given  ofif,  which  has 
the  smell  of  rotten  eggs ;  dip  a  slip  of  white  paper  In  a  solution  of 
acetate  of  lead,  and  suspend  the  paper  in  the  bottle  containing  the  gas : 
the  paper  is  rendered  black  firom  the  formation  of  the  Bulphuret  of  lead. 

fkt^uretted  Ky^rogen^  or  hydro»u!phwrie  acid,  is  highly  infilmmsble, 
and  is  much  used  as  a  test  for  the  presence  of  diifer^t  kinds  of  hietals. 
The  iomes  of  i^B  gas  should  be  avoided,  tts  it  is  deHStetioils  to  Bnimal 
life.* 

PHosPBORtra. 

20.  This  elementary  substance  is  very  inflammable^  and 
therefore  should  be  handled  with  great  caution.    It  has  very 

*  All  Amies  giren  off  by  chemical  action  should  be  careftiUy  avoided. 
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mach  the  appearaooe  and  oonaistence  of  wax.    Phospbonu 
is  now  universallj  prepared  from  bones. 

*  EXPERDIBKTB. 

1.  Fold  a  thin  filioe  of  dried  phoq>horus  in  a  piece  of  paper ;  nib  it 
fariflkly  with  any  smooth  body :  the  heat  produced  by  the  fricdon  qieed- 
ily  ignites  the  phosphorus. 

2.  Write  upon  the  wall  with  a  stick  of  phoqjbonis,  (wrapped  nmnd 
with  a  piece  of  paper ;)  the  writing  appeaxs  luminous  in  the  dark.  (See 
also  Exp.  4,  Alt.  11.) 

3.  Pho^uretttd  hydrogen  got,  —  Put  some  ainc  cuttingB  and  a  few 
small  slices  of  phoqihorus  into  a  glass  tumbler ;  take  the  glass  mto  a 
daik  rcwm,  and  add  some  diluted  sulphuric  add :  the  mixture  appears 
like  •  woeU  of  fire^  in  consequence  of  the  esciqpe  of  phosphuretted  hydro-' 
gen  gss,  which  ignites  spontaneously  when  it  comes  into  the  air. 


IODINE. 

21.  This  elementary  substance  is  solid,  having  a  dark  blnish 
color,  with  a  somewhat  metallic  lustre.  It  is  found  in  sea 
water  and  marine  plants.  It  is  highly  soluble  in  alcohol,  but 
is  sparingly  dissolved  lij  water.  Its  most  important  compound 
is  iodide  of  potassium,  which  is  now  much  used  as  a  medicine. 

BZPEBDCBXVTB. 

1.  Heat  one  or  two  grains  of  iodine  in  a  flask :  the  beautiful  rlblet 
vapor  of  iodine  rises  within  the  flask,  and  slowly  condenses. 

2.  Dissolve  a  wry  smaU  pece  of  iodine  in  water :  the  water  has  a 
brown  color.  To  tins  solution  add  a  cold  solution  of  starch :  *  the  bean- 
tiiul  blue  compound  of  iodide  of  starch  is  formed. 

3.  Drop  a  smsll  piece  of  iodine  on  a  few  grains  of  phosphoms :  the 
substances  combine  with  ignition. 

4.  To  a  eoid  solution  of  starch  add  a  few  drops  of  iodide  of  potassinm ; 
no  action  is  produced  :  add  now  a  little  sulphuric  acid  to  set  the  iodine 
free ;  the  blue  iodide  of  starch  is  foiroed. 

•  Starch  should  be  dissohed  in  hot  water. 
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CBLOBINE* 

22.  Chlorine 'IB  a  greenish-yellow  gas,  (hence  its  name,) 
which  has  a  pungent,  suffocating  odor ;  it  is  not  inflammable, 
bat  it  supports  combustion ;  indeed,  some  bodies  ignite  in  it 
Bpontaneonsl  J.  It  combines  with  the  metals,  forming  chlorides ; 
thus  common  salt  is  a  chloride  of  sodium.  With  oxygen  it 
forms  adds ;  the  most  important  of  these  is  chloric  acid, 
which,  combined  with  potass^  forms  chlorate  of  potassa,  a 
"salt  largely  employed  in  the  manufacture  of  lucifer  matches. 
Chlorine  destroys  all  coloring  matters  and  offensive  effluvia. 

EZPEBIMENTS. 

1.  Put  a  table  spocmftd  of  chloride  of  lime  (oommon  Ue&ching  powder) 
into  a  bottle ;  add  an  equal  bulk  of  hydrochloric  add;  chkrinet  in  the 
form  of  a  greeniah-yeUow  giia,  soon  fills  the  bottle :  introdnce  a  lighted 
candle ;  it  bums  with  a  dull  red-colored  flame  in  the  gas ;  suspend  a 
moistened  sUp  of  blue  litmus  paper  (or  any  other  colored  substance)  in 
the  gas :  the  paper  is  soon  bleached  by  the  gas. 

2.  To  a  mixture  of  common  salt  and  black  oxide  of  manganese  add 
sulphuric  add ;  chlorine  gas  is  given  off.  This  is  a  highly  convenient 
way  of  uring  chlorine  for  puipoees  of  famigatinn.  The  chlorine  destioya 
all  noxious  malaria. 

3.  Add  hydrochloric  add  so  as  to  cover  half  a  tea  spoonful  of  chlorate 
of  potassa  in  powder,  in  a  small  bottle;  chlorine  gas  (nubced  with 
dikrous  add)  is  generated ;  dip  a  slip  of  writing  paper  into  oil  of  tur- 
pentine, and  introduce  it  into  the  gas :  combustion  immediately  takea 
place.    Perform  the  bleaching  experiment  described  in  Exp.  1. 

Chlorous  add  explodes  with  great  violence,  when  heated 
even  to  a  moderate  temperature. 

4.  Mix  a  few  grains  of  powdered  lump  sugar  with  twice 
the  (quantity  of  chlorate  of  potassa ;  let  foil  a  drop  of  sul- 
phuric add  on  the  mixture:  chlorous  add  is  disengaged* 
which  immediately  inflames  the  mixture. 

5.  Carefully  fold  in  a  piece  of  paper  a  little  chlorate  of 
potassa  in  powder,  with  a  small  piece  of  phosphorus ;  strike 
the  mixture  ^ith  a  hammer :  a  loud  explosion  takes  place. 

6.  To  injlatns  photphcrut  under  water,  —  Put  some  crys- 
tab  of  chlorate  of  potassa,  together  with  a  few  shccs  of  phoa-      js^.  17. 
phorus,  into  an  ale  glass ;  fill  the  glass  with  cold  water;  let 
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fidl  ft  ftw  dnpt  of  solpliiixic  sicid»  by  nmm  of  •  jipflttc^  on,  tho  chknte 
of  potMn :  the  add  takes  wp  tke  potei  ftom  the  Balt»  uxudi  kCv  fine  a 
oompoond  of  chkiriiie  and  osygen*  which  inflawifit  the  phoipfaariia. 


HTDBOOHLOBIO  AOIB. 

83.  Hydroohloiic  ludd,  or  mariatic  fujd,  is  it  j^  otptpoBiyl 
of  hydrogen  and  chlorine  ^  U,  is  largely  dissolved  bj  Wfl^* 
fonning  oommon  aqueous  hydrochloric  acid. 

EZPEKIMENT. 

Add  diluted  sulphuric  add  to  oommon  salt,  in  a  bottle ;  hydrochkiie 
acid  gas  is  given  off  with  efftaveacence,  ^d  fills  the  bottle;  suspend  a 
slip  of  moist  blue  litmus  paper  in  the  gas :  the  odlor  is  changed  to  red ; 
plunge  a  lighted  candle  into  the  gas :  the  flame  is  eactinguished- 

In  this  ejcperiment  the  add  decomposes  the  salt>  irhidi  is  a  oompoinid 
of  ddorine,  sodinni,  and  water ;  the  hydrogen  of  the  water  unitiBS  witii 
the  chlorine,  and  forms  hydrochloric  add  gas ;  sod  the  os^gvi  jaf  (he 
water  unites  with  the  aodium,  and  ionns  aods,  whieh  condansi  sM  4]|e 
sulphuric  add,,  and  forms  the  sulphate  of  sods. 


Section  IH 
mbtals  akd  hbtali/ic  ox»»ea* 

POTA8SA  AND   SOpA. 

24*  Potassium  and  sodium,  united  with  oxygen,  ibnn 
potassa  and  soda*  These  important  apbstapces  ure  called 
Jixed  aliaffis^  to  4istinguish  them  from  mamoni^  ybich  ia 
called  the  volatile  alkali.  (See  Art.  11.)  Potassa  as  found 
in  this  ashes  of  plants,  and  soda  in  the  salt  of  sea  water. 

EXPEXLIMENTS. 

1.  Throw  a  grain  of  potasriom  upon  water;  it  floats  on tbe  water, and 
tak^  f^ :  a  solution  of  potassa  is  fonned  by  the  umooL  of  the  oiygsn 
of  the  water  with  the  metal. 


'^^^ 


^ 
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2.  Bum  •omeyieeei  of  vood ;  collect  the  aeheii  nd  pour  w«tar  nyoii 
tibcm  to  di«9olTe  tbe  potMM  which  ie  ia  than ;  add  a  idLatioQ  cf 
Tegetftble  blue :  the  color  ii  chuiged  to  green. 

3.  Boil,  in  an  iron  vend,  equal  weights  of  slaked 
lime  and  carbonate  of  potassa  (pearl  ashes)  in  about 
twelve  times  the  weight  of  water;  the  carbonic 
acid  unites  with  the  lime*  fimning  the  insoluble 
carbonate  of  limc^  leaving  the  potaasa  in  solution. 
Cover  the  nuactun^  and  allow  it  to  stand  until  the 
carbonate  of  lime  subsides ;  draw  the  clear  solution 
off  hf  means  of  a  siphon.*  When  a  solution  of 
potasaa  is  exposed  to  the  air,  it^  speedily  takes  up 
caibonic  acid*  and  retunia  to  the  state  of  carbonate 
of  potassa*  * 

4.  To  a  atxang  adlution  of  caibonale  of  potasn  add  a  solution  of  tar- 
taric acid ;  ciyatala  of  bitartrate  of  potassa  (cream  of  tartar)  are  fbnned 
with  the  eec^e  of  caibooic  acid  gas. 

^.  9<^  nitrate  of  potassa  (nitre)  in  water,  eo  long  as  any  of  the  salt 
is  taken  up ;  decant  the  solution,  and  as  it  coola,  crfstals  of  nitre*  in  six- 
aided  prisma,  are  deposited. 

Sotkk  ia  found  in  the  aabes  of  aea  weed ;  it  is  also  obtained  fiom  com- 
mon salt.    ThecompoundsofsodaareTory  similar  to  those  of  potassa. 


Fig.  IB. 


LIMK. 


S5.  Chalky  limestone,  marble,  lime  ahell,  and  calcareous 
spaTy  are  all  eompminds  of  lime  and  carbonic  add.    Liine 


9 


•  Insoluble  substances,  or  precipitates,  are 
usually  separated  from  liquids  by  wwnATtoVt  f 
iMch  consists  in  passing  the  liquid  through  ^ 
Uring  paper  placed  in  a  fiinnel/;  by  this  pro- 
cess the  clear  Squid  drops  into  the  glassy,  and 
the  precipitate  or  insoluble  substance  remains  on  ^ 
wCfBveiuig  paper. 

These  filters  are  fonned  by  maidng  two  a>ldB, 
ia  a  lottod  pieee  of  paper,  at  right  ancles  to  eadi 
other,  sad  ia  a  eontascy  direetkai;  when  this 
piece  of  paper  is  placed  within  the  Immel,  it  will  assume  the 
foim  of  p,  shown  in  the  cut.  The  liquid  to  be  filtered  should 
be  carefully  poured  upon  the  eidei  of  the  filter,  so  u  not  to  in- 
jure (he  pa^  at  the  bottom  pArt  Before  use,  the  fllller  paper 
should  be  oMiistened  with  disCQled  water. 

40 
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forms  an  essential  constituent  of  all  good  soils.  Mixed  widi 
vegetable  or  animal  substances,  it  promotes  their  decaj,  and 
at  the  same  time  absorbs  the  noxious  gases  that  are  given  oH^ 
Lime  is  an  oxide  of  a  metal  called  calcium. 


1.  Ezpofle  lime  wato*,  in  an  open  Tcndt  to  the  air ;  a  emit  of 
bonate  of  lime  aoon  appeaa  upon  the  soriaoe.    See  atoo  Kxperimmita  2^ 
3,  and  4,  Art.  12. 

2.  Pour  hydzochkiric  add  upon  some  pieoei  of  chalk,  so  long  aa  any 
efferrencence  is  seen :  a  solution  of  hydrochlonite  of  lime  is  formed. 

8.  Make  a  solution  of  nitrate  of  lime,  by  adding  nitzio  add  to  chaDc* 
after  the  manner  of  the  last  expcxflhent. 

4.  Pour  a  Uttle  of  the  adlntion  of  hydrochkrate  of  lime  into  an  ale 
glass,  and  about  the  same  quantity  of  strong  sulphuric  add  into  another 
glass ;  pour  the  latter  quickly  upon  the  former ;  a  violent  efierresoenoe 
takes  place  fium  the  escape  of  hydrochloric  add:  a  soHd  white  sub- 
stance, sulphate  of  lime,  is  formed.  Oiadng  to  the  condensation,  great 
heat  is  evolved. 

5.  To  any  solution  of  lime  add  oxalate  of  ammonia ;  (see  Ezpw  7, 
Art.  16  :)  the  white  insoluble  oxalate  of  lime  ftlls. 

MAGNESIA. 

26.  This  substance  is  found  in  sea  water,  in  certain  varieties 
of  limestone,  (magnesian  limestone,)  and  in  many  spring 
waters.    Magnesia  is  the  oxide  of  a  metal  called  magnesium. 

EXPBIUSIBIITS. 

1.  To  diluted  sulphuric  add  add  cazbonata  of  ipfgnf"^  (a 
powder)  until  efiervescence  ceases :  a  solution  of  sulphate  of  magn< 
(Epsom  salts)  is  obtained. 

Boil  off.  or  evaporate  a  portion  of  the  water ;  *  set  aside  the  solution 
until  it  cools :  crystals  of  the  salt  will  be  formed. 

2.  To  a  solution  of  sulphate  of  magnesia  Sdd  a  solution  of  carbonate 
of  potaasa :  a  white  predpltate  of  carbonate  of  magnesia  is  formed. 

*  Evaporations  are  best  conducted  in  porcelain  dishes,  or,  as  fhey  are 
called,  evaporating  dishes ;  the  heat  should  be  applied  by  a  sand  bath,  Or  fay 
an  Argand  lamp  with  a  tin  or  copper  chimney. 
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^ii^.     TTiifl  distinguiihif  Bpiom  taltt  ftom  oxalic  acid,  a  potem  frequently 
^1^1     miataken  fat  the  former.    It  la  ftirther  to  be  obaerred,  that  oxalic  acid  ia 
t^v^'       , '  aour  to  the  taste,  whereas  Bpnai  salts  axe  bitter.    Oxalic  add  is  dissi- 
"~  pated  when  thrown  upon  hot  dnden,  whereas  Epsom  salts  leave  a  white 
behind. 


i? 


^^it 


ALUMINA. 

^^f  27.  This  earth  is  an  oxide  of  a  metal  caUed  aluminum ;  it 
abounds  in  common  claj.     It  is  distinguished  by  its  insolubil- 

E^mmM  ^^^'  ^^^  ^y  being  dissolved  in  a  solution  of  potassa.    Alum  is 

'-^ibs^  one  of  its  most  useful  and  conunon  compounds.    This  salt 

^^^h^  contains  alumina,  potassa,  and  sulphuric  acid.     Pure  claj  is  a 

^9^  compound  of  silica  and  alumina,  in  the  proportion  of  about 

^^^  8  parts  of  the  former  to  2  of  the  latter. 

■nr:ji 


:sii 


mm 


1.  Add  ammonia  to  a  solution  of  alum :  akunina  ftlls  in  oooseqaenca 
of  the  ammonia  oombining  with  a  portion  of  the  add. 
^im  ^*  Fedbnn  the  same  ekperime&t,  inng  potaasa  or  soda. 

8.  In  a  satumted  solntion  of  alnm  sd^pend  a  basket  formed  of  wool- 
kn  thread :  the  alum  forms  beautiful  crystals  on  the  thread,  thereby 


SILICA. 


28.  This  earth,  like  alumina,  is  very  abundant  in  nature. 
Quartz  is  nearly  pure  silica,  and  it  is  the  chief  ingredient  in 
sand  and  common  flint  Mixed  with  day,  it  forms  the  great 
body  of  soils.    Silica  is  an  oxide  oT  silicon. 


1.  Mixonepartof  fine  sand  with  three  parts  of  carbonate  of  potassa; 
fiise  the  mixture  in  a  crucible;  carbonic  add  is  driven  off,  and  the  silica 
and  potassa  combine  and  form  a  glass,  called  silicated  potassa,  which 
readily  dissolves  in  water ;  pour  out  the  silicated  potassa  on  an  iron 
plate;  dissolve  a  portion  of  it  in  water.  This  experiment  is  highly  im- 
portant, considered  in  relation  to  agricultural  sdenoe. 

2.  To  the  aolution  of  silicated  potassa  add  a  aolut&on  of  hydrochlarate 
of  ammonia;  the  hydrochloric  add  oombines  with  the  potassa,  and  the 
siHcais 
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IROX» 

29.  This  yaluable  metal  19  found  in  a  great  yarietj  of  forms 
in  nature.  Combined  wiUi  axygen,  it  u  found  as  an  oxide  of 
iron ;  with  sulphur,  as  a  sulphuret  of  iron ;  with  carbonic  acid, 
as  a  carbonate  of  iron. 


1.  PhuienmeiiaD  filmgs  in  a  saucer ;  moitten  them  from  day  to  dflf, 
until  thej  beooms  rmi,  at  oxide  of  bton^  hj  eoittbining  with  uiL^gua. 

&  To aome  iioii  fllin^i  add  dihited  aulplniJe  add:  hydiogcn  gas  ia 
giTen  o8^  and  a  solution  of  inm  (groen  Titnol)  la  fonaed.  Here  tli* 
oxygon  of  tbe  water  combinea  with  the  inm,  fanning  oxide  of  inm« 
which  unites  with  the  acid,  forming  the  su^hate  of  the  oxide  of  iron, 
or»  as  it  is  simply  called,  sulphate  of  iron. 

Decant  the  dear  sdutkm,  evaporate  it«  and  set  it  aside ;  when  the 
solution  is  cold,  green  crystals  will  appear. 

S«  A^  a  k^  4R>i*  ^  *  Strang  solutioai  of  siijyhi>t/p  of  icon  tia  &mr 
glasses  containing  w^kor  #-^ 

I.  Totheftmaddaaekttltftef  p<itaSBai«xM»«riMaMi. 
It.  tb  the  sccetid  idd  4  solrffcteaoleasboaateef  |iJt—a  i  oaAonate 

of  kMlftHs. 
nx.  To  the  third  add  a  solution  at  prussiate  of  poAaaM :  a  in^Una 

precipitate  of  Prussian  blue  is  fivmed. 

In  these  three  experiments,  the  siUphuiic  acid  combines  with  the 
potassa,  and  remains  in  solution. 

IT.  To  the  fourth,  add  an  infusion  of  galls:  the  black  gallate  of 
iron,  the  substance  w^ch  giyes  the  color  to  ink,  after  a  few 
seconds  appears. 

4.  To  a  glass  of  water  add  a  few  drops  of  ink ;  add  oxalic  or  hydro- 
chloric acid  :  the  color  disappears. 

6.  Write  on  pi^wr  with  a  very  diluted  adutioa  of  anlphate  ef  Iron ; 
when  dry*  the  writing  is  inrisibLe ;  wash  it  over  with  a  sdukion  of  pcua- 
siate  of  potaasa:  the  writing  appean  of  a  fine  blue  color. 

COPPER, 

M.  This  metal  eziaUia  nature  in  ita  pure  or  Bietallie  state; 
but  it  is  chiefly  found  as  a  snlphurei  of  copper,  (copper 
pyrites.) 
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1.  Heat  oopper  fiir  noie  time  in  the  fire ;  euddcnly  plunge  the  lieeted 
copper  into  water :  the  oxide  of  copper  is  fonned  in  scales  on  the  sux£ue 
of  themetaL 

2.  Put  some  dips  of  copper  into  diluted  nitric  add,  which  is  colorless : 
a  portion  of  the  copper  is  soon  disMlved  by  the  nitric  acid,  and  a  fine 
blue  solution  of  nitrate  of  copper  is  formed.  Here  a  portion  of  the  add 
gives  up  oxygen  to  the  metal,  forming  oxide  of  copper,  which  comhines 
with  the  nitric  add.    Bed  fumes  of  nitrous  add  are  giren  offl 

By  evapontion,  this  salt  may  be  obtained  in  crystals. 

3.  Into  a  solutidn  of  sulphate  of  ooppl^  (UueTitriol)  dip  a  dean  piece 
of  iron :  the  plate  is  coreted  with  metdlio  copper.  Here  the  copper  is 
predpitated  in  consequence  of  the  iron  uniting  with  the  acid  to  fonn 
sulphate  of  iron. 

4.  Add  two  drops  of  a  strong  solutioa  of  sulphate  of  copper  to  two 
glasMs  containing  water :  these  solutions  will  be  nearly  colorleas. 

«  I.  To  the  first  add  a  drop  of  ammonia ;  light  blue  oxide  of  copper 
falls:  add  ammonia  now  in  excess;  the  predpitate  is  re- 
dissolTed,  and  the  solution  aswimfs  a  fine  deep-blue  color. 
This  is  a  very  delicate  test  of  the  presence  of  copper, 
n.  To  the  second  add  carbonate  of  potaasa :  light  blue  carbonate 
of  copper  falls. 

6.  Place  a  few  crystals  of  nitrate  of  copper  on  a  piece  of  tin  foO ;  add 
a  few  drops  of  water  to  the  crystals,  and  quickly  fold  up  the  tin  foil 
round  them :  a  Tiolent  chemiral  action  takes  place,  and  the  tin  foQ  in- 
flames. 

LEAD. 

81.  The  most  common  native  form  of  lead  is  sulphnret  of 
leady  or  galena. 

ExpxancsNis. 

1.  Heat  lead  in  an  iron  spoon:  it  soon  melts,  and  then  oxidates,  by 
taking  oxygen  from  the  air. 

2.  Arrange  seren  glasses,  each  containing  a  diluted  solution  of  acetate 
of  lead,  (sugar  of  lead.) 

t.  To  the  fint  add  an  alkali :  the  oxide  of  lead  foils. 

II.  To  the  second  add  carbonate  of  potassa:  the  white  carbonate 

of  lead  (white  lead)  foils, 
m.  To  the  third  add  sulphuric  add,  or  any  sulphate:  white  sul- 
phate of  lead  folk. 

40» 
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IV.  To  the  fourth  add  bydioclilarie  *dd :  wUte  chloride  of  lead 

iaUs. 
T,  To  the  fifth  add  a  few  drops  of  a  solution  of  iodide  of  potM- 

Btum :  the  beautiful  yeUow  iodide  of  lead  ftUs. 
Ti«  To  the  Bxth  add  a  Uw  drops  of  the  solatioQ  of  cfaroourte  of 

potaasa :  yellow  chiomate  of  lead  falls. 
Txx,  To  the  seventh  add  hydxosulphuret  of  ammonia :  the  Uack 

sulphuret  of  lead  falls.    (See  Exp.  4,  Azt.  60.) 

S.  Suq)end  a  pieoe  of  line  in  a  modentely  strong  soihition  of 
of  lead :  the  lead  appears  deposited  on  the  line  in  an  arbswsoent 
producing  what  is  called  the  iaa^  trm*    Here  the  snc  takaa  the  plnoe  of 
the  lead,  and  the  latter  is  prcdpitatedU 

CBROMR. 

32.  The  most  common  salt  of  this  metal  is  bichromate  of 
potassa. 

BXPUUXSNTS.  ^ 

Axrsnge  fimr  glasses,  each  containing  a  diluted  sdution  df  hichroautte 


of 

1.  To  the  first  add  caibonate  of  potaasa :  it  unites  With  the  excess  of 
add,  and  yellow  chromate  of  potaasa  appears. 

2.  To  the  second  add  acetate  of  lead.    (See  Exp.  2,  Ait.  31.) 

8.  To  the  third  add  a -few  drops  of  the  nitrate  of  mereury:  Uie 
orange-cokired  chromate  of  mefcory  falls. 

4.  To  the  fourth  add  a  few  drops  of  the  nitrate  of  silver,  (hmar 
caustic :)  brick-red  chronwte  of  silver  fidls. 

MERCUBT. 

33.  This  metal  is  sometimes  found  native  in  the  metallic 
form,  but  it  is  most  commonly  combined  with  sulphur.  This 
metal  is  a  fluid. 

ExPBBIMEim. 

1.  Heat  a  few  grains  of  mercury  in  a  test  tube  over  the  qjirit  lamp : 
the  mercury  rises  in  vapor,  and  condenses  in  globules  in  the  cold  part  of 
the  tube. 

2.  Heat  a  little  sulphur,  with  about  five  times  its  weight  of  mercury, 
in  a  test  tube :  dose  ^  mouth  of  the  tube  lightly  widi  Um  forefinger : 
vermilion,  or  bisulphuret  of  mercury*  is  fonaed. 

3.  lb  a  solution  of  chloride  of  meroury  (corrosive  sublimate)  add  a 
few  drops  of  iodide  of  potassium :  a  red  binindide  of  mcreory  falls. 
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4.  neat  some  mercury  ^ith  nitrio  acid;  the  mercury  takes  oxygen 
from  a  portion  of  the  acid,  and  combines  with  the  other  portion ;  and  a 
solution  of  nitrate  of  menury  ia  formed. 

^  ZJ2iC. 

84.  This  metal  is  now  mach  used  for  making  water  pipes 
and  spouts. 

1.  Take  the  solution  of  sulphate  of  zinc  obtained  by  S^.  1,  Art.  14  ; 
evaporate  a  partni».of  the  laattr  off;  aet  the  liquid  asdo  to  eo(4 :  pris- 
matio  cryitala  of  sQlphatja  of  aoK  kU. 

2.  To  a  solution  of  sulphate  of  aiao  add  a  ftw  dnopa  c$  aaimoiua*  (or 
potassa  0  white  oxide  of  zinc  falls.  Add  ammonia  in  excess :  the  pre- 
cipitate is  completely  rediasolved. 

3.  To  a  solution  of  zinc  add  a  few  drops  of  the  carbonate  of  ammo- 
nia: carbonate  of  amc  Mis,  whit^h  is  rediiBohred  by  an  excess  of  the 
ptedpitanU  These  Vwa  tsfKiiniMits  fton  the  tests  tv  tlie  prssenee 
of  zinc. 

SILVER. 

85.  Silver  is  distinguished  hy  its  brilliant  lustre  and  fine 

white  eolor. 

ExPBBniBNta. 

1.  To  a  few  small  pieces  of  alver  add  dihiled  mtrio  add ;  MspfHy  heat 
until  the  acid  ocascs  to  give  off  fumes :  a  soiution  of  nitrate  of  sihrer  is 
obtained;  as  the  solution  cools,  crystals  are  deposited. 

2.  To  a  soiutnn  of  nitrate  of  silver  add  potassa :  an  ash-gray  powder 
of  oxide  of  aihrer  ftUs. 

5.  To  a  nry  diluted  solatioa  of  nitrate  of  sQrer  add  hydroehlorie 
add :  chloride  of  silver  £eU1b  in  the  form  of  a  white^  curdy  substance, 
which  soon  beoones  Uaok  ttpon  exposore  to  the  light. 

4.  Write  upon  finen  with  a  solution  of  nitrate  oHtaver,  and,  when 
the  writing  is  dry,  wash  it  with  a  solution  of  potassa :  the  writing  soon 
\fft>fjaf%fif.^^m'mnfnnmn^  Uick,  owing  to  the  fenDation  of  oxide  of  silver. 

GOLD. 

8&  Thi«  aelal  is  BOt  affected  hy  exposure  to  the  ttr^  and 
ordinary  adds  prodooe  no  aotion  upon  it 
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1.  Put  five  or  Bz  gold  kvreB  into  ft  test  tube;  poor  upon  them  a  few 
drops  of  a  mixtun  of  nitxic  and  hydrochkric  adda;  apjily  the  flame  of 
m  apirit  lamp :  the  gold  learciare  disaolTed.  Continue  to  apply  a  gentle 
heat,  80  aa  to  expel  any  exceaa  of  acid :  tercUoride  of  gold  remains  In 
this  pnxma  chlorine  ia  aet  fiee  from  the  hydrochloric  acid,  and  comhinca 

iK-ith  the  gold. 

2.  Cover  a  alip  of  ghaa  with  a  few  dnpa  of  the  terdikvide  of  gold  ; 

apply  the  flame  of  aipirit  lamp:  the  chlorine  ia  expelled,  and  ffoU  la 
left  upon  the  glaaa. 

3.  Put  a  drop  of  chloride  of  mercury  on  a  gold  ring ;  with  the  point 
of  a  penknife  touch  the  gold  thxougli  the  drop:  a  permanaatly  white 
apot  of  an  amalgam  of  gold  ia  produced. 

PLATOruH. 

87.  Thia  metal  is  much  used  for  making  different  kinds  of 
diemical  apparatus,  on  aoooant  of  it  being  very  infusible,  and 
scarcely  at  all  acted  upon  by  ordinary  chemical  agents. 


1.  Mix  nitric  acid  with  an  equal  bulk  of  hydrochkrlo  add ;  add  the 
mixture  to  a  few  amall  pieoea  of  platinum  wize  in  a  Florence  flask ;  di- 
gcat,  —  that  ia»  keep  the  liquid  at  a  alow  boiling  heat,  —  until  the  acid  ia 
neutralized :  a  solution  of  bbhkride  of  platinum  ia  formed. 

To  obtain  it  perfectly  free  from  add,  evaporate  cautioualy  to  diynea^ 
and  disBolve  the  residue  in  water. 

2.  Add  a  drop  of  the  solution  of  bichloride  of  platinum  to  a  glaaa  of 
water ;  into  thia  solution  let  frU  a  drop  of  iodide  of  potassium :  a  deep 
port  wine  colored  compound  ia  unmediately  produced.  The  deUcacy  of 
thia  test  ia  truly  remaikable. 

3.  To  the  solution  of  bichloride  of  platinum  add  a  abhitaoa  of  hydro- 
chlorate  of  amnAiia :  a  yellow  predpitate  ia  formed,  a  compound  of 
thia  salt  and  platinum. 

Decant  the  liquid,  and  dry  the  precipitate ;  put  it  into  the  bowl  of  a 
tobacco  pipe,  and  bring  it  to  a  good  red  heat  in  the  flre :  metallic  plati- 
num, in  a  spongy  state,  ia  left,  the  other  substances  having  been  ex- 
pelled by  the  heat. 

4.  Hold  the  apongy  platinum  before  a  atream  of  hydrogen  gas :  the 
metal  soon  becomea  red  hot,  and  the  gaa  ia  ignited. 
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Section  IV. 

DOCTRINE  OF  BQUIVALENT8.      CHEMICAL    X01Uir0l.4T«BSy 

8TM90LS,  ETC. 

88.  When  bodies  eombino  wilh  ^ach  other,  it  ia  alwftjs  in 
certaia  fixed  or  definite  proportions ;  that  is,  the  same  oom- 
ponad  substance  alwajs  oontains  the  same  eleraenii  combined 
in  a  constant  proportion :  thus  water,  whatever  maj  be  its 
quantitj,  or  however  generated,  consists  of  8  parts  of  oxygen 
to  1  part  by  weight  of  hydrogen :  thus  1  part  of  hydrogen, 
combines  with  1 6  parts  by  weight  of  sulphur,  to  form  sul- 
phuretted hydrogen :  thus  1  pari  of  hydrogen  combines  with 
6  parts  by  weight  of  carbon,  to  form  carbiyretted  hydrogen* 
(olefiant  gas.)  The  numbers  representing  the  proportional 
weights  in  which  bodies  oombuie  are  called  their  ehetnieal 
equivcUents. 

Taking  1  as  the  combining  equivalent  of  hydrogen,  8  will 
be  the  combining  equivalent  of  oxygen,  16  that  of  sulphur, 
and  6  that  of  carbon.  Moreover,  while  8  and  6  represent 
the  proporiional  numb^s  in  whkh  oxygen  and  carbon  re- 
spectively combine  with  hydrogen,  these  numbers  also  repre- 
sent the  proportion  in  which  oxygen  and  carbon  combine 
with  each  other  or  with  any  other  substances :  thus  8  parts  of 
oxygen  combine  with  6  parts  by  weight  of  carbon,  to  form 
carbonic  oxide.  But  this  is  not  all :  when  the  same  bodies 
combine  in  more  than  one  proportion,  the  proportional  num- 
bers representing  each  successive  compound  are  multiples 
(or,  it  may  be,  submultiples)  of  those  in  the  first  compound* 
This  law  is  exhibited  in  the  following  examples :  — 

Compoundi  of  Carbon  and  Oxygen* 


mm       14 


Ckibame  oxide 

of  GhrboB.         of  Oijtmi. 
•        +          8 

Cnbonioaeid 

6        +         10 
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ChmpoundM  of  NUrogen  and  Oxygen. 


Proportioa 

Proportiott 

oriiitnif»D 

• 

of  Ozjgen. 

Pmoxide  of  nitrogcQ     - 

14 

+ 

8        rr= 

22 

Binozideaf  nitrogen 

14 

+ 

16        s=r 

30 

Hyponitiout  acid  • 

*          Iv 

+ 

24        s 

38 

Nitzousadd  .        -        . 

14 

+ 

32        « 

46 

Nitzie  add     ... 

14 

+ 

40      s 

64 

The  equiyalent  of  a  compoand  body  is  the  sum  of  the 
equivalents  of  its  elements :  thus  the  equivalent  of  carbonic 
oxide  18  14,  this  number  being  the  sum  of  6  and  8 ;  thus  the 
equivalent  of  nitric  acid  is  54,  this  number  being  the  sum  of 
14  and  40. 

39.  The  following  table  contains  a  list  of  the  names  of  the 
elementary  substanpes,  so  fiir  as  thej  are  at  present  known, 
with  their  symbols  and  combining  equivalents.  Those  sub<^ 
stances  printed  in  Italics  are  rare,  and  of  comparatively  little 
importance. 


Table  of  EquivalentM 

and 

J^bob  of  62  SimpU 

Suitlanen. 

Sjm. 

Nmnow 

SquiT. 

Syni. 

Num. 

tqmr. 

H. 

Hydrogen 

• 

m 

1 

AL 

Aliimimiin 

- 

-        14 

O. 

Oxygen    - 

- 

- 

8 

Fe. 

Iroa 

- 

-     -28 

N. 

Nitrogen  - 

. 

• 

1* 

Cu. 

Copper     - 

- 

-       32 

CL 

Chlorine   • 

. 

- 

36 

Pbw 

Lead       - 

- 

.     104 

C. 

Carbon 

. 

m 

6 

Zn. 

Zino 

. 

.      33 

L 

Iodine 

«» 

• 

126 

Cr. 

Crome 

• 

-      28 

S. 

Sulphur    • 

- 

• 

16 

Hg. 

Mercury  • 

• 

-     100 

P. 

PboephoruB 

- 

- 

16 

Ag. 

SilTV      . 

- 

-     108 

F. 

Fluorine   - 

- 

. 

18 

Au. 

Gold 

- 

-     100 

Br. 

Bromine   - 

• 

. 

78 

PI. 

Platinum 

• 

-      98 

B. 

Boron       -  * 

. 

. 

10 

Sn. 

Tin 

. 

-      5S 

Se. 

Selenium  • 

«» 

m 

40 

Co. 

Cobalt     - 

- 

-       30 

. 

Mm 

Manganese 

. 

-       28 

METAXa. 

Ni. 

Nickel     . 

. 

-       30 

K. 

Potaidum 

- 

m 

40 

Ba. 

Barium    - 

. 

-       68 

Na. 

Sodium    • 

« 

. 

24 

Sr. 

Strontium 

• 

-      44 

L. 

Lithium    • 

- 

- 

6 

As. 

Arsenic    • 

«» 

.      76 

Ca. 

Calcium  - 

- 

m 

20 

Sb. 

Antimony 

. 

-     128 

Mg. 

Magnenum 

m 

- 

12 

BL 

•  Bismuth 

. 

-     108 

Si. 

- 

. 

8 

Te. 

• 

-      64 
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Bjm. 

KUM. 

XqnlT. 

Bjn. 

Num. 

EqaiT. 

V. 

yfljiiflffiiim        • 

-       68 

D. 

Didymium 

•      .          > 

u. 

Uranium 

.      60 

Ln. 

Lanthanium     - 

-      48 

Mo. 

Molifbdenum     - 

-      48 

Ce. 

Cerium    - 

-      46 

Tn. 

ThnfftUn 

94 

Y 

Yttnum 

.       32 

Ti. 

Titanium 

-      24 

Tb. 

Terbium 

Cm. 

Cohtmbium 

-     184 

E. 

Erbium  - 

} 

Nr. 

Niobium 

? 

C<t 

Cadmium 

-      56 

Pe. 

Pebpium 

? 

Pd. 

-      54 

No. 

Narium 

? 

B. 

JRAodium 

.      52 

G. 

Qluemum 

.      26 

Os. 

Otmium 

-     100 

Zr. 

Zirconium 

.      34 

Lr. 

Iridium 

.      98 

Th. 

Thorium 

.      60 

Ru. 

Ruthenium 

-      52 

The  amngement  of  tbe  ekmentarj  sobstanceB,  in  this  table,  b  merely 
adopted  to  suit  the  order  ofaaenred  in  the  other  portioos  of  this  work. 

40.  The  first  letter  or  letters  of  the  Latin  name  of  a  sim- 
ple substance  is  taken  as  its  symbol ;  and  the  symbol  of  any 
substance  always  represents  its  combining  equivalent.  Thus 
O  stands  for  one  equivalent  of  oxygen  ;  20,  or  0|,  stands  for 
two  eqnivalents  of  oxygen,  and  so  on.  Compounds  are 
expressed  by  the  equivalents  of  simple  substances  which 
enter  into  their  composition :  thus  sulphuric  acid  is  composed 
of  one  equivalent  of  sulphur  and  three  equivalents  of  oxygen  : 
the  symbol  of  sulphuric  acid,  therefore,  is  S  -{-  O9,  or  more 
simply  SOgy  and  the  combining  equivalent  =  16  -{"  ^  X 
8  =  40. 

The  sign  of  equality  (=)  is  used  to  express  an  identity  of 
Wfnposittonj  but  not  always  an  identity  in  the  form  of  the 
arrangement  of  the  elements. 

The  names  given  to  compound  substances  are  such  as  to 
indicate  their  elementary  composition. 

Compounds  containing  oxygen  are  called  aeidM  or  oxides^ 
according  as  they  do  or  do  not  possess  acidity.  Thus  an  oxide 
of  iron  contains  oxygen  and  iron.  The  termination  ic  is 
placed  to  the  name  of  a  substance  when  it  becomes  an  acid : 
tlius  we  have  sulphuric  acid,  which  is  a  compound  of  sulphur 
and  oxygen.  When  the  substance  forms  two  acids,  that  which 
contains  the  smallest  portion  of  oxygen  terminates  in  otts; 
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thus  we  have  mifphuraut  acid.  The  terminalioo  urd  ako 
indicates  tlie  combination  of  a  varietj  of  substances :  thus  we 
have  sulphuret  of  irooy  which  expresses  a  oom|x>uiid  of  sul- 
phur and  iron.  Degrees  of  oxidajtion  are  sometimes  expressed 
by  Greek  or  LatSa  prefixes :  thos  jEm>toxide  M^Msses  the 
first  degree  of  o^dation,  Mnoxlde  the  second,  HN^oxide  the 
third,  and  so  on.  The  highest  degree  of  oxidation  is  usually 
expressed  peroxide.  When  an  add,  whose  name  enda  witli 
an  tc,  forms  a  salt,  its  name  terminates  with  as  ule  *  thus 
nitnc  acid  forms  a  mirate  ;  white  a  siilphuroiiff  acid  forms  a 
sulphUe  /  and  so  on  to  other  cases. 

EXEHCXSSS  ON  THB  TTsfe  OP  CBEMCJLL  FoSHtTUE. 

41.  One  of  the  greatest  advantages  of  chemical  formulae 
as,  that  thej  enable  us  to  represent  cheiiiieal  combinations  and 
changes  with  such  deamess  and  predston. 

1.  1  eq.*  WBta*  es  1  eq.  hydrogen  -|-  1  eq.  oxygen 

=  H  +  0,or  HO, 
SB  1  4-  8  »9. 

2.  1  eq.  carbonic  acid  ^  1  eq.  caibon  +  ^  ^*  oxygen 

n  C  +  On  or  C0» 
s  6  +  2  X  8  »  22. 

3.  1  eq.  nitric  add  &«  1  eq.  nitrogen  +  6^.  oxygen 

«  N  4-  O5,  or  NQfc 
s  14  4-  6  X  8  s  64. 

4.  1  eq.  potaen  =»  1  eq.  potaasium  +  ^  ^*  ozyg™ 

=  K  +  O.  or  KO, 
B  40  +  8  s  48. 

5.  1  eq.  caxbonate  of  potaasa  «»  1  eq.  potasn  +  1  eq.  caibonic  acid 

8  KO  +  CO„  or 

KO  COj, 
»  48  +  22  »  70. 

6.  1  eq.  amTnonia  ss  1  eq  nitrogen  +  3  eq.  hydrogen 

=rN  +  H8.orNH8. 
=  14  -f  3  X  1  «  17. 

«  Eq.  ia  atcd  aa  an  abbreviation  of  tlia  fvovd  aytifaal»iif. 
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7.  1  eq.  hydrochloric  acid  sb  i  cq.  hydrogen  4. 1  eq.  chlorme 

»  H  +  cn,  or  HCl, 

M  1  +  30  »  37. 

8.  1  eq.  hydiochlonte  of  ammonia  bs  NHs  +  HCl 

«il7  +  87atfi.    . 

9.  I  cq.  bichloride  of  platinum  »  PI  +  2C1»  or  PlCls, 

»  9%+  2  X  86  B  170. 

10.  1  eq.  lime  ss  i  eq.  calciom  +  1  ^*  oxygen 

s  Ca  +  O,  or  CaO, 
»  20  +  8  s  28. 

11.  1  eq.  carbonate  of  lime  «  CaO  +  COj,  or  CaO  COj, 

8B  28  +  2%^m  60. 

12.  The  action  in  Exp.  3,  Art  12,  is  as  fiiDowB :  - 

1  eq.  carbonate  of  potawia  +  ^  ^  1>»^ 
«=  KG  COs  +  CaO 
t=  KG  +  CaO  C(V 

Here  KG,  or  potaasa,  remainf  in  aolutioo«  and  CaO  CO*,  or  eaiboiiata 
of  lime,  is  precipitated. 

18.    The  action  in  Expi.  1,  Art.  14,  is  as  fellows :  — > 

1  eq.  snlphoric  add  +  1  eq.  mter  +  1  <>4«  'i*^ 
B  SOk  4.  HO  4.  Zn 
«  ZnO  SQs  +  H. 

Here  ZnO  SQi,  or  sulphate  of  oxide  of  sine,  remaint  in  sohxtioB*.  and 
the  hydrogen  is  given  off. 

14.    The  action  in  Exp.  1,  Art  18,  is  m  fijDows :  — 

1  eq.  hydrochloric  Mid  +  1  ^*  etibonate  of  lime 
»  HC1'+  CaO  CO^ 
«  CaCl  +  HO  +  C0». 

HereCaCl  4-  H0«  or  chloride  .of  caldom  with  water,  b  finned,  and 
00»  or  carbonic  add,  is  giren  otL 

16,    The  action  in  Exp.  1,  Art.  26,  is  m  fellows :  — 

1  eq.  sulphate  of  magnesia  +  1  eq.  carbonate  of  potassa 
»  MgO  80^  4-  KO  CO^ 
«  KG  SO^  4-  MgO  CO^ 

Here  MgO  CGn  or  carbonate  of  magnesia,  falls,  and  KG  80^  or 
sulphate  of  potassa,  remains  in  seflntkm. 

41 
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16.  .1  eq.  nitnle  of  copper,  at  nitrate  of  tbe  oxide  of  copper, 

=  I  eq.  oxide  of  copper  -f-  I  eq.  mtiic  add 
=  CuO  +  NOfc  or  CqO  NO^ 

17.  The  Ktion  in  Exp.  3,  Art.  3S,  ii  M  foUow* :  — 

I  eq,  niDale  of  the  oxide  c(  Him  +  1  e^>  bTdtocUocic  aad 
=  AgO  NO(  +  HCl 
=  NO,  +  HO  +  AgCL 
Hen  NO],  or  nitric  add  wi&i  water,  ronain*  in  aOlntioiit  and  AffCI, 
oc  cblofide  of  silver,  fcJT* 

Sectkw  v. 

expbrniehtb  cokducvd  oh  a  lasobb  bcai.e,  ob  with 
a  uore  cokpletb  apfakatd9. 

OSTOXK O. 

*a.  PrtpoTatiim.  —  To  obtain  oxjgoi  pure,  the  tubctance  whi<A  Bup- 
pliis  it  ia  placed  jn  f  retort  or  tube,  and  exposed  to  heat ;  vben  gaa  ia 
evolTed,  it  must  be  collected  orer  water,  cither  in  the  pneumatic  tiough 
or  in  a  gag  holder.    (See  pogm  463  and  164.) 

43.  Oxygen  Maim^fi^ft^ofiiij^ida^iffma^arum. — This  nibctanc« 
is  uied  by  itself  -wbe^  lar^  quantitiq?  pf  the  gas  are  required.  Tba 
oxide  is  introduced  into  an  iron  boltl^  V  the  oputh  of  irluch  an  iron 


tube  a,  ii  adapted,  and  Inted  or  plastered  over  irilli  ctonmon  [ripe  clay, 
made  into  paste  with  water  The  extremity  of  this  tube  Is  hitxd  to  a 
flexible  tube  b,  the  outer  end  of  whi^  ia  inserted  into  the  wato-  of  a 
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gas  holder.    The  bottle  is  placed  upon  a  good  fire.    When  the  manga- 
nese attains  a  red  heat,  it  gives  off  a  portion  of  its  oxygen,  ^  hich  ruics 
^ii4i '       "within  the  gas  holder. 

llie  chemical  changes  iilrhich  take  place  iii  this  process  are  exhibited 
in  the  following  formulae :  — 

3  tq.  binoxide  of  manganese 
B  2MnO|  s=  Mn^4  ra  Mn^  +  O. 

iter€;  after  the  process  is  completed,  Mn^O{,  or  sesquioxide  of  mtnga- 
nesev  reitiAlhs  in  the  retort.  The  gas  should  stand  for  a  short  time  over 
-water,  fti  order  to  absorb  any  carbonic  ftdd  gas  which  it  may  contain. 

44.   Oxffgtn  obtained  from  ehloratt  tf  p^UuMo,  —  Mix  about,  equal 
pdrts  (^  bhloAte  of  potassa  and  black  teide  of  manganese  in  a  mortar ; 
intiodttce  the  mixture  into  a  small  cofpet  or  green  ^ass  retort ;  tipfij 
the  flame  of  a  spirit  lampt 
and  receive  the  gas  in  the 
H  gas  holdte,  or  the  pneumatic 

trough. 

IT  only  k  tanaSl  quantity 
of  the  gas  is  wanted,  the 
mixture  may  be  introduced 
into  a  large  test  tube,  hav- 
ing a  cork  peribrated  by  a  J^.  22. 
bent  exit  tube,  as  in  the  annexe<l  cut. 

The  decomposition  is  represented  by  the  ibUowingtenmla :  — 

-     1  eq.  chlorate  of  potassa 
»  as  1  cq.  potasM  +  1  ^*  chloric  acid 

rs  KO  4-  CIO5  =  KCl  +  Oe. 

Here  the  hedi  revives  the  chlorate  of  potassa  into  KCl,  or  chloride  of 
potassium,  and  Oe,  or  6  eqa.  of  oxygen.  The  manganese  in  the  mixture 
merely  aids  in  Keeping  d  steady  heaL 

Experiments  wtth  Oxtq&it. 

1.  Introduce  a  lighted  taper  into  a  bottle  of  this  gas :  the  (lame  is 
incrrascd  in  size  and  brilliancy  Introduce  a  candle  with  a  uick  red  : 
it  burets  into  flame.     (See  Fig.  23.) 

2  Fut  Gome  pounded  chareoal  on  a  cup  attached  to  a  wire  passing 
through  a  cork ;  heat  the  charcoal,  over  a  Fpirit  lamp,  to  redness ; 
plunge  4t  into  the  gas :  the  charcoal  glows  with  great  brightness,  and 
bursts  into  flame.  .Here  the  product  of  combustion  is  carbonic  acid  gas. 
(See  Fig.  24.) 

3.  Bum  phosphoms  in  the  same  manner :  it  bums  with  great  splendor. 
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4.   Btmanlilniriiilhe  tama  maniwr :  itbotiMiritlLabeButifiimnc 

B.  Boll  tpece  of  fine  «tceLwinm*^*ial&tmioniidaglMiQd)e: 
fix  CHW  attmaitj  ft  the  win  in  •  oaA,  ud  to  the  otha  ekbenulT 


attach  Bineoe  of  cotton  nick  d^ifed  in  melted  tnlpIiiiT;  ignite  the  wide, 
and  pilings  it  into  a  bottle  «I  oxj^cn  :  the  win  tahea  fiie,  and  bmna 
with  beautifiil  «cintillatian&  The  product  at  combiutian  in  thit  can  ia 
oxide  of  ircm.  To  ycereM  the  bottle  fnan  tBcaking,  the  bottcm  diould 
be  coTcred  with  rand.    (See  Fig.  2f .) 

6.  Introduce  some  dark-colored 
venotis  blood  into  a  bottle  of  0x7- 
1^ ;  the  blood,  upon  being  aiia- 
ken.  Hion  acquina  the  fimd  color 
of  artoial  blood. 

7.  Project  the  oxygen  from  a 
gas  holdfT  on  the  flame  of  a  >[Hiit 
hmip:  great  heat  is  produced. 
Hold  %  email  [nece  of  chalk  of 

lime  before  the  flame  *  the  Ugbt  Pig,  2S. 

<^  the   lime  is  brilliantly   white 

and  inten^.    Bum  e  juece  of  watch  ^inng  in  the  flams  f  ftc> 

a.  Take  a  large  piece  of  charcoal,  end  make  a  nuaU  bole  in  it ;  bold 
thii  part  of  the  charcoal  over  a  lamp  until  it  becomei  red  hot ;  ditfi  a 
trnaU  cart  iron  naU  into  the  hole ;  hold  the  heated  charcoal  bdbte  a- 
*trcein  of  oxygen  (issuing  &om  a  jet  with  it«  orifice  tnmed  downwards  1) 
the  charcoal  bums  rapidly ;  the  nail  becomes  white  hot,  then  (Uses,  and 
finally  bums,  giving  olf  a  brilliant  fihowcr  of  ignifrd  iparks  of  the  metaL 
This  is  one  of  ihr  most  IxvuIiTuI  expeiimenta  in  the  whole  range  of 
chemistry. 
,    Various'  other  melols  may  be  ignitnl  m  the  'nmc  manner. 

Tht  niinmnn  mntiih  bloirplpf.  —  This  consists  of  n  brau  tube,  hsTing  a 
very  Mnnll  iirifipc  m  jf-l  n%  (i:n'  (n<l,"S>r  jirojrcting  a  small  constant  Elrctm 
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Fig.  27. 


of  air  upon  the  flame.  In  the  flame  of  a  common  candle,  &  is  a  hollow 
cone  containing  combustible  gases  in  excess ;  this  Is  surrounded  by  a 
sheet  of  fiftme  d,  where  the  combustible  material  is  in  contact  with  the 
oxygen  of  Ae  air.  When  we 
blow  through  this  Hame,  by  means 
of  th^blowpipe,  the  circumstances 
are  completely  changed ;  b,  in  the 
second  figure,  contains  a  powerful 
flame,  having  combustible  gases 
in  excess;  this  portion -is  called 
the  tieoxidizing  est-  reducing  flames 
for  it  deprives  substances  of  their 
oxygen ;  a,  in  the  second  figure, 
is  a  flame  where  the  oxygen  pre- 
ponderates ;  this  portion  is  called  the  oxidising  JUume,  fixr  it  communi- 
cates oxygen  to  the  substance  heated  in  it. 

When  a  metal  is  to  be  brought  to  the  state  of  an  oxide,  it  is  placed  in 
the  axidizing  flame  a ;  and  when  an  oxide  is  to  be  reduced  to  the  metal- 
lic state,  it  is  plaq^  in  the  deoxidizing  or  reducing  fl^me  h.  The  most 
powerful  heat  is  produced  at  the  apex  of  the  cone  c. 

In  using  the  mouth  blowpipe,  the  student  must  endeavor  to  acquire 
the  power  of  keeping  up  a  constant  and  steady  blast,  by  forming  his 
mouth  into  a  bag  of  air,  while  at  the  same  time  he  breathes  through  his 
nostril^.  The  manner  of  doing  this  is  difficult  to  explain :  by  repeated 
trials,  however,  h3  %vill  sec  that  It  is  possible  to  do  go. 

m 

Experitit.vit,  —  Place  one  or  two  grains  of  oxide  of  lead  (litharge)  on  a 
piece  of  charcoal,  and  hold  the  substance  in  the  reducing  flame  b ;  the 
metallic  lead  is  produced  in  the  form  of  a  brilliant  globule;  bring  the 
gldbule  to  the  oxidizing  flame  a  ;  the  metal  is  oxidized,  and  presents  a  dull 
appearance.     Various  other  metals  may  be  Created  in  the  same  manner. 

The  peculiar  action  of  the  flame  of  the  blowpipe  constitutes  a  most  in- 
teresting and  useful  department  of  experimental  chenagtry. 


HYDROGEN. 

46.  Preparation. — This  gas  is  most  conveniently  prepared  tram,  lino 
and  diluted  sulpfaurio  add.  Put  some  zinc  cuttings, 
sulphuric  add,  and  about  five  times  the  quantity  of 
water,  into  a  retort  r,  (see  £lg.  14,  page  463,)  or 
into  a  bottle  6,  with  the  bent  tube  t ;  great  heat  is  pro- 
duced by  the  mixture  of  the  add  and  water,  and  t^ 
gas  is  copiously  evolved,  which  may  be  recdved  over 
water  in  the  pneumatic  trough  or  in  the  gas  bolder. 
(See  Szcrdse  13,  Art.  41.) 

41* 


JFV^.  28. 


486 


RATTTIUL  AirO  XXPEHIHENTAL  VHUOSOPar. 


1^ 


ExPsmixBins  ymxn  Htdroosx. 

1.  InTcrt  a  Jar  of  hydrogen  orer  a  candle;  ^ 
flame  of  the  candle  is  extinguished,  but  the  gas 
boniB  at  the  mouth  of  the  vcssd.  In  this  way  the 
gas  takes  some  time  before  it  is  bomed  away. 

2.  Ignite  a  jar  or  bottle  of  hydix^en,  having  the 
mouth  of  the  vessel  uppennost ;  in  this  case  the  gfa 
bums  much  more  quickly  away«  in  consequence  of 
its  great  lightness  as  compared  with  the  air. 

3.  Introduce  the  gas  into  a  jar  o,  having  A  gas 
burner  g,  and  stop  cock  e  ;  open  the  cock,  and  at  the 
same  time  depress  the  jar  in  the  water ;  ignite  the 
gas  as  it  ibsues  from  the  small  orifice  ff;  the  gas 
bums  with  a  x>ale  yellow  flame,  which  gives  off  a 
great  deal  of  heat. 

Hold  a  dry  glass  tumbler  over  the  flame : 
water  is  deported. 
Repeat  Exp.  2,  Art.  14. 

4.  Mix  in  a  strong  bottle  1  measure  oi  hy- 
drogen with  2i  or  3  measures  of  commott  air ; 
apply  the  flame  of  a  candle  to  the  mouth  of  the 
bottle :  the  mixture  detonates  with  .a  conflid- 
eraUe  report. 

6.  FiU  a  bladder  i^-ith  this  gas  from  a  capped 
receiver  at  the  pneumatic  trough,  as  exhibited 
in  the  annexed  cut,  or  from  the  gas  holder ; 
adjust  a  common  tobacco  pipe  to  the  stop  cock^ 
and  blow  soap  bubbles  by  giving  a  gentle  pres- 
sure to  the  bladder :  these  soap  bubbles,  being 
filled  w]|h  hydrogen,  are  lighter  than  the  air, 
and  they  ascend  in  the  atmosphere  like  Kttle 
balloons.  Bring  the  flame  of  a  candle  in  oon- 
tact  with  one  of  these  hydrogen  bubbles :  it 
explodes. 

6.  Fill  a  small  baUoon  with  hydrogeUi  or 
common  street  gas,  and  load  it  with  a  light 
paper  car,  so  a<$  to  keep  it  suspended  in  the  air. 

7.  Throw  a  stream  of  hydrogen  am  spongy 
platinum.     (See  Exp.  3,  Art.  87.)    To  in- 
sure the  success  of  the  experiment,  the  plat- 
inum should  be  previously  heated  to  rednev 
before  the  spirit  lamp.  * 

8.  Mix  over  the  pneumatic  trough  a  par- 
tion  of  oxygen  with  twice  its  volume  of  hy- 


Sl 


Fig.  29. 


FS9.ZO. 


Fiff.  31. 


JFV.  S2. 


L    CKiUIISTKT. 


drogm :  fill  a  cnminon  loda  water  bottl«  fiill  vrith  the  mixed  gaiea;  ap- 
ply the  fiune  oT  a  taper :  the  gates  detonate  with  a  loud  report. 


Cimtpotition  of  Waler. 

46.  It  haa  already  been  explained  that  water  ia  cMnpoatd  of  8  paita 
by  weight  of  oxygen  and  1  part  of  hydrogen.  Now,  oxygen  if  exactly 
16  timei  heavier  than  bydi^^ ;  hence  it  follows  that  Uierc  mutt  ha 
double  the  qmmtity  by  voHunc  of  hydrogen  t»  fbtm  water.  Ttta  com- 
poution  of  water  may  bo  detcnniiied  in  two  wajt;  fint,  by  lyniiU- 
tit,  ta  hj  bringing  tlic  elemoita  together;  aeccstd,  bj  analgiu,  w  by 
aeparatjng  the  eleini-iits  from  each  other. 

SytxlAetit.  —  hitroduct  the  mixed 
gaaea,  2  Tolninea  or  measures  of  hy- 
drogen and  I  volume  or  meaaurs  of 
oxygen,  into  a  strong  graduated  tube 
(Volta'g  Ettditnometer)  hariiig  two 
wirea  nearly  meeting  each  otha- 
within  the  tube  at  the  tap ;  pesi  an 
electric  tpark  through  jhe  mixed 
gaws  by  meani  of  a  charged  Lcyden 
jar,  u  ahowit  ia  the  annexed  cut : 
the  gates  combine  with  ignition,  wa-  Fig.  33. 

ter  it  formed,  und  a  complete  vacuum 
ia  pioduced,  which  it  filled  up  by  the  ascent  of  the  water  in  tbe  tiotiglii. 

Analytii.  — Two  equal  tubes,  O  and  II,fiIled. 
with  WBler,  arc  inverted  orcr  the  two  poles  of 
•  gatyanic  battery ;  when  the  battery  ia  put  in 
BCtkm  the  water  ia  resolTed  into  the  two  gaaoi ;  ' 
the  oxygen  riaea  in  the  tube  0  placAl  over  the 
podtive  pole,  and  the  hydrogen  into  the  tube  ' 
Bplacedorerthenegativepole.  Astbeanaly- 
nt  [(ocee(]B,  it  will  be  seen  that  the  vtdume  of 
the  hydrogen  is  always  double  that  of  the 

47.  Water  it  also  decompcsed  by  psMnpg  • 
mtTeet  of  steam  through  an  irm  tube  pailial- 

ly  SUed  with  iron  fllingt,  and  ke[«  at  a  red  •  Fig.  34. 

heat  by  a  furnace.    In  thit  cut,  r  reiaeaenta 

the  retort  iowhichthewatetit  being  boiled;  f  ( the  red  hot  tube  paising 
through  the  himace  F :  the  bent  jape  &  ccnreya  the  hji]||gen  gaa  into  a 
Jar  (  standing  on  the  ihdf  of  a  pneumatic  trough  T._  In  this  tnterating 
axperiment  the  steam  pMuig  over  the  hwed  iim  it  decompoMd;  the 
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inn,  taking  up  the  taygea,  bceomca  mi  oxide  of  iron,  and  the  hjdiog^ 


^tdli»H  ^Ute  Mixed  Gaui.      Oxy-^ydroyen  Bbtop^)*. 

ii.  1^^  liiiipleit  tnnms  of  Bhowliig  the  fntcnM  bnt  goisatBd  bj 
the  fgoitidl  of  mix«d  gates  ii  ai  IbUowt: 
Th«  faydn>g«n  ii  farmtA  in  Ibe  bottle  i,  the 

coik  of  vhich  &  iterTanitcd  hy  two  tubea;  a 
il  a  ftinit^I-^liipod  tolio,  for  the  puipoaeof 
■upplftng  nlphuric  scid  u  it  is  required ;  ( 
it  a  bent  tube  conveying  the  bydiDgeo  ftr 
igmtkm ;  •  r  h  tbe  tube  with  a  Btop  lock 
and  jet,  convej-ing  n  Btream  of  oxy^n  -brm 
■  gBs  bolder  oil  ihe  hydrogen  flame.  Tbe 
vaiioiu  cxpeiimenti  described  in  Art.  44 
may  be  tried  with  this  tUhne.  Fig.  St.     . 

^^.    Daiiieti  blowpipe.  — In  tbia  appaia- 
tui  a  coQUnon  tube  b  recdvea  the  two  gasea  contained  in  the  »»■«»—  H 


Fif.  >7. 
and  0,  provided  with  stop  cocks.    The  hy<kogen  ia  fint  ignited,  and 
then  tbe  pie*tuf|  upon  the  bladder  containmg  the  osfgn  ia  Rfolatcd 
io  at  to  produce  tbe  nmimnm  heating  effect  on  the  fl«n*. 

•  Thti  it  an  eueUnrt  BrnnigeniFnt  for  nuking  bjdrogCD,  u  well  aa  lol- 
phnrtttcd  hTdrogtn,  vhen  lats*  qaantiliet  an  itquind. 


EXPERIMKNTAL    CHKMISTRr. 


489 


50.  The  ibUowiiig  ec^omical  apparatus,  answering  the  douUe  pur* 
pose  of  a  gas  holder  and  an  oxy-hydrogen  blowpipe,  has  been  sucoess- 
lul^  used  by  the  author  of  this  work.  In  the 
annexed  cut,  r  represents  the  gas  reoeiver;  • 
a  shelf  which  screws  on  at  6;  e  and  e  stop 
cocks,  as  in  the  ordinary  gas  holder,  (seep.  464  ;) 
A  ^  a  jet  filled  with  wire  gauze  at  the  thick  part 
A;  p  an  aperture  for  receiving  the  beak  of  arze- 
tort ;  nku.  bettt  pipe  passing  into  the  interior 
of  the  fieceiTer  r;  kin,  flexible  tube,  which 
screws  on  at  k,  and  forms  a  connection  ytSth  a 
gadder  containing  the  mixed  gases ;  /a  ftmnel 
with  a  tube  and  £top  cock  for  screwing  ob  at 
k.  The  tubular  portion  d  b  ia  tbout  )  inch  in- 
ternal diameter  and  2  inches  in  length.  When 
the  apparatus  is  to  be  used  as  an  oxy-hydrogen 
blowpipe,  water  i»  introduced  into  the  receiver,  so  as  to  stand  at  the  levd 
d;  the  orifice  at  6  is  closed  by  means  of  a  cork,  and  the  bladder  con- 
taining the  mixed  gases  is  screwed  on  at  k;  the  safety  jet  A  ^r  is  screwed* 
on  the  stop  cock  e ;  upon  pressure  being  applied  to  the  bladder,  the 
mixed  gases  rise  through  the  water,  and  filling  the  space  d  6,  pass 
out  in  a  strong  stream  through  the  jet  ^,  and  are  there  ignited.  This 
arrangement  is  perfectly  safe,  for  in  the  event  of  the  fiame  passing 
along  the  safety  tute  h,  wc  can  only  have  an  explosion  of  the  gases  con- 
tained in  the  small  chamber  d  b,  the  only  effect  of  wl&Oi  would  be  to 
blow  out  the  cork  in  the  orifice  6,  as  the  large  *body  of  water  in  r  most 
effectually  cuts  oif  all  communication  with  the  gases  in  the  bladder. 
When  the  apparatus  is  to  be  used  as  a  gas  holder,  the  shelf  •  is  screwed 
on  at  b,  the  funnel^  at  k,  and  gases  are  received  and  transmitted  in  the 
same  maimer  as  in  the  ordinary  gas  hoMer. 


Fiff.  38. 


Analifsit  of  Atmotpherie  Air  hy  the  Detonation  of  Hydrogen 

in  VoUa*t  Audiometer. 

61.  Mix  over  the  pneumatic  trough  2  volumes  of  atmospheric  air  and 
1  volume  of  hydrogen ;  introduce  a  small  portion  of  this  mixture  into 
the  eudiometer  tube  (Art.  46)  so  as  to  occupy  15  divisions  of  the  tube; 
detonate  by  the  electric  spark  :  after  detonation  the  gas  only  oecupies  9 
divisions  of  the  tube ;  that  is,  6  parts  have  disappeared,  iif  consequence 
of  all  the  oxygen  having  combined  with  a  portion  of  the  hydrogen  to 
form  water.  Now,  the  gaseous  mixture  in  the  tube  contained  10  parts 
of  air  and  5  of  hydrogen ;  and  ance  water  is  comp(yed  of  1  volume  of 
oxygen  and  2  volumes  of  hydrogen,  one  third  of  the  diminution  must 


t90  HATURAL  AKtf  EXPKRlllENTAL   HttLOSOPHT. 

^▼e  the  quantity  of  ozygeri  in  the  10  Tolumef  of  air  ariginally  in  tlie 
tube ;  that  is,  2  Toltunes  of  oxygen  have  disappearad ;  but  2  is  one  fifth 
of  10 ;  therefore  one  fifth  of  atmospheric  air  is  oxygen,  and  the  remaznteg 
font  fifths  are  nitrogen :  hence  in  100  TOlumes  of  air,  20  are  oxygen  and 
80  ore  uitiogBi. 

NITROOEK  AVD   ITS   COMPOUNDS   WITH  OXTOEK. 

52.  For  the  preparation  tnd  puberties  of  tiittogen,  see  Ait.  18,  ttid 
Ezpa.  4  and  6. 

•  Protoxide  of  Nitrogen,  —  NO. 

Ihis  gaseous  compound  la  fluniliarly  known  by  the  name  of  the  fini^il- 
ing  gat,  frosi  the  ludicrous  eilbct  whkh  it  has  upoii  persons  vho  nspbe 
it.  This  gas  is  not  infiammable,  but  it  supports  combustion  with  greater 
brilliancy  than  common  air. 

Preparation.  —  Introduce  some  crystals  of  nitrate  of  ammonia  *  into 
a  large  retort;  spply  the  heat  of  an  Argand  Ikmp  having  a  copper  flue, 
to  give  steadinoss  to  the  flame :  at  a  tamperature  of  400®  the  aalt  fttses» 
and  then  gives  off  the  gas  in  great  abundance,  which  may  be  received  in 
the  gas  holder  filled  Mith  warm  water,  as  cold  water  largely  abscsba  the 
gal  It  shoiild  stand  for  two  or  three  hourd  over  a  little  water,  to  ab- 
8ori>  any  fumes  of  nitrous  add  that  may  be  formed  in  the  procesB.  The 
whole  of  the  salt  is  resolved  by  heat  into  this  gas  and  wate^,  atUiown 
by  the  following  symbols :' — 

*  1  eq.  nitrate  of  ammonia 

ss  1  eq.  ammonia  -4-  1  eq.  nitric  acid 

s  NHa  -f  NOa 

«  H,  -f  Os  +  N»+  Oi»=c  SHO  +  2ko. 

Hence  H  appears  that  1  eq.  of  nitrate  of  ammonia  yields  8  eq.  of  wa- 
ter and  2  eq.  of  the  piotoadde  of  nitrogen.  * 

EXPERIMCNTS. 

1.  blunge  a  burning  candle  into  a  bottle  of  this  gas :  the  flame  is 
much  increased  in  briUiancy  in  consequence  of  the«lazge  quantity  of 
oxygen  which  the  gas  contains. 

•  • 

*  To  prepare  this  salt,  add  carbonate  of  ammonia  in  powder  to  nitric  acid 
diluted  with  about  three  parts  of  water  until  effer^-escence  ceases ;  evaporate 
the  solution  ttntU  a  drop  of  the  liquid  let  fall  upon  a  cold*  plate  becomes  a 
solid  mass.  A  little  %mmonia  should  be  added  towards  the  close  of  the  pro- 
cess to  render  the  salt  perfectly  alkalihe. 
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• 

2.  Introduce  a  lai^  splinter  of  wood  having  a  globing  red  spark  into 
t}ys  gas :  the  flame  is  rekindled,  as  in  the  case  of  oxygen  gas. 

3.  Tranisfer  this  gas  from  the  gas  holder  into  a  damp  bladder 
a  wide  wooden  mouth  piece  ;*  place  the  mouth- 
piece between  the  teeth  of  the  person  who  ia 
to  inhale  the  gas;  let  him  dose  his  nosbils 
with  ^hi9  lore  finger  and  thumb,  and  then  let 
him  breathe  the  gas  in  the  bladder :  various 
effects,  more  of  less  ludicrous,  are  product  ^'  S^* 
upon  pe^p9cqp0  inhaling  the  gas.    All  kinds  of 

apparati\9  ^bould  be  removed,  for  they  are  liable  to  be  ix^uced  by  the 
inhaler ;  91  (ifitter,  hit  the  inhaler  be  out  doors. 

■ 

Binoxtjf^  of  Ifitrogen — ^TSO^ 

m 

This  compound  is  a  cokuleai  gas,  similar  in  appearance  to  common 
air :  it  is  sparipglj  absorbed  by  water. 

Preptucation.  —  Put  'soma  copper  cuttings  into  a  retort,  pour  nitric 
add  upon  them,  and  then  add  i^ut  an  equ^l  quantity  of  vat€r :  *  brisk 
effervescence,  takes  place  without  the  aid  of  heat,  and  the  gas  may  be 
collected  over  water  in  the  pneumatic  trough. 

The  decomposition  is  reprcBented  by  the  following  forxuuls^ :  -* 

4  eq.  nitii*acid  + 3  eq.  copper  ^ 

ss  4NQ»     +  3Cu         • 
a=  N0^3  +  3NO»  +  3Cu  . 

a  NO,       +  3(CuO  +  'SCh) 
M>  hinoxidftxrf  nitrogen  +  3  nitrate  of  tha  oxide  of  copper. 


ExPBJUMKNTS. 

_  • 

1.  TnasSbt  a  bottle  of  this  gaa  over  tha  pneumatic  trough  into  a 
^m^lar  bottle  nearly  filled  ^th  common  air ;  X9d  fumes  of  ntbroua  jpcid 
(NO4)  are  instantly  formed,  which  are  soon  abeorbed  by  the  water. 
This  constitutes  a  characteristic  property  of  the  bmoxide  of  nitrogen, 
and  it  is  used  in  this  way  to  detect  the  praqjic^  ^free  oxygen. 

2.  Plunge  a  pipoe  of  Woing  phosphorus  into  a  bottle  of  this  gas : 
the  phosphonis  cqptinqes  to  burn* 

3.  Bum  a  mixture  of  this  gsf  ^d  hydrogen,  (aee  cut  to  Exp.  3,  Axt 
46 :)  the  mixed  ^ases  bum  with  f  green-co|ored  flam^ 

4.  Transfa:  a  bottle  of  binoxide  of  nitrogen  to  a  cup  containing  a  sq- 
of  solpMle  of  iron :  the  solution  becomes  black. 

*  The  dilute4  acid  ^^ould  bavQ  a  specific  gravi^  qf  12. 
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Nitric  Acid—^D^ 

For  the  leadiilg  properties. of  tlib  add,  aee  Art.  17. 

Prepa/raUon.  -—  Mix  equal  weights  of  nitrate  of  potaiM  (nitre)  and  oil 
of  Titriol  of  oommeroe  in  a  retort ;  heat  the  retort  oyer  a  chauffer  a. 
containing  heated  charcoal,  (a  land  bath  or  an  Aigand  lamp  would  an- 
swer the  puipoee  equally  as  well :)  nitric  add  distils  over,  and  lA  con- 


• 


Fig.  40. 

•  « 

densed  in  the  liquid  form  in  the  recdver  e,  kept  cool  by  a  stream  of 
water  froceeding  from  a  jar  d.  The  stream  of  watef  may  be  oonveniently 
supplied  from  a  funnel  haying  its  tube  partially  dosed  by  a  piece  of  rag. 

The  decomposition  is  as  follows :  —  . 

2  eq.  sulphuric  add  -f-  water  4"  ^  cq*  nitrate  of  potassa 

•s=  SO,  +  ;ho  h-  ko  no, 

=  KO  2S0,  +  HO  +  N0»  +  HO  * 

Bx  bisulphate  of  potassa  and  water  47 
nitric  add  and  water.. 

■ 

distillations  of  ax^y  hind  are  conveniently  e£focted  by  meani  of 
big's  condensing  tube. 


Fiy.  41. 

The  liquid  to  he  dBstiUed  is  placed  in  the  tetort  r,  to  which  a 
heat  is  applied  to  boil  the  liquid :  the  vapor,  as  it  passes  along  the  tubes* 
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IB  citdteiad  by  the  eold  kept  up  in  tb«  oondansing  tube  SiT,  and  the 
liqiiid  drops  into  the  reniTer  B.  The  CQiurtiuctbn  of  thii  eoadeiuing 
tubo  is  exceedingly  ingqnioiw:  I  it  a  irid*  tin  tube ;  F  a.  funnel  pueing 
into  it  for  the  purpose  of  wxfjfkymg  cold  water ;  8  a  siphon  fof  ciirying 
off  the  hot  water ;  a  glasi  tubo  paanng  through  this  tin  tube  is  couneeted 
leilh  Ihe  beak  ol  tho relgrt  and  the  leeeiver  R;  this  glass  tube  pasMs 
tl^imigh  poifcrated  aorks  inserted  ai  each  end  of  the  tin  tube  t.  Now, 
this  glaflp  tuhs  is  continually  suiiounded  by  cold  water ;  for  while  cold 
water  is  being  supplied  by  the  funnel  F>  the  water,  as  it  becomes  heated, 
rises  within  t)ie  tin  tube,  and  is  carrird  off  by  the  siphons. 

Enperitnent,  ^-  Heat  gently  some  oil  of  turpentine  in  aporoelain  basin ; 
pour  suddenly  npon  it  a  mixture  of  one  part  of  sulphuric  acid  and  two 
parts  of  nitric  acid :  combustion  takes  place,  with  the  evolution  of  a 
dense  onhr.  In  order  to  avoid  accident,  the  mixed  aeid  should  be 
poured  ||om  a  bottle  tied  to  the  end  of  a  stick. 

CARBOI^  8ULPHUB»  AND    PHOSPHORUS,  TUEIB    COMPOUNDS 

WITH  OXYGEN  AND  HTPROGBN. 

Cbtrbonic  Oxide  ^^CO* 

53.  This  is  a  colorless  gas ;  it  is  the  gas  that  bums  with  a  blue  flame 
a^  the  top  of  a  coke  or  charcoal  fire. 

Pr^pqraiump  —  Mix  pounded  oxalic  add  with  su^uric  add  in  a 
retort,  and  apply  heat :  caibonic  oxiie  and  carbonic  add  gases  are  gxTcn 
ofl(  which  may  be  recdTed  orer  the  pneumatic  trough.  By  allowing 
the  gases  to  stand  orer  water  for  a  few  hours,  or  by  agitating  them  inith 
lime  water,  the  carbonic  add  gas  is  absorbed,  and  the  carbonic  oxide  is 
lall  pure.  Oxalic  add  may  be  regarded  as  a  eempound  of  caxUmic 
aside  and  carbonie  acid  with  water ;  thus:  — 

1  eq.  oxalic  add  33  C«0»4-  water  »  CO  -f  (X\  +  watce^  New, 
ikB  aalphaiia  acM  <nnrtiiias  with  the  watciv  and  eels  the  two  gases  fieae. 

Apsii|M«ii^  *-"  PiMKgt  alighted  taper  into  a  bottle  of  this  §m:  the 
tiq;»er  is  extinguished,  but  the  gas  bums  at  the  mouth  of  the  bottle  with 
a  beautiful  bine  flame:  thua  etMrbomo  <Mtide  i$  inJIamtnabUt  ^^  ^  floe* 


H,  J^yortrilcm."*  Carbonic  add  gas,  being  more  than  H  times  hcav- 
icr  than  oommon  air,  may  be  prepared  sufficiently  pure  by  the  fbllowing 
SCDcesk.  The  |ML  in  l^craM  in  the  bottle  b  (see  Exp.  1,  Art.  U  ;)  a 
hent  tribe  ft  e  tf  passes  through  %  csrl^  V  Wll  4iiPffid»  ISfi^  tha  hottpoi  of 

42 
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the  open  bottle  d :  as  the  gas  enters  the  bottle 
<i,  the  common  air  U  displaced.*  A  little  expe- 
rience will  readily  enable  the  experimenter  to 
ascertain  when  the  bottle  is  filled  with  the  gas. 

When  thii  gas  is  recdTed  over  the  pneumatic 
trough,  the  water  should  be  warm ;  for  carbooie 
acid  gas  is  largely  abaorbed  by  cold  wkter. 

EXPEBUBNTB. 


Fig.  42. 


1.  Invert  a  jar  or  bottle  of  the  gas  over  a  baming  candle :  the  g»  by 
its  gravity  falls  upon  the  candle,  and  extinguishes  the 
flame. 

2.  Place  a  burning  candle  in  an  open  jar ;  take  a 
bottle  of  carbonic  acid  gas,  and  pour  it  into  the  jar : 
the  flame  is  extinguished.  This  shows  that  carbonic 
acid  gas  is  much  heavier  than  common  air. 

3.  Pour  some  lime  water  into  a  bottle  containing 
this  ga^ :  carbonate  of  lime  is  formed :  shake  the 
liquid,  and  it  becomes  clear,  in  consequence  of  the 
carbonate  of  lime  being  soluble  in  an  excess  of  car- 
bonic acid.  In  this  way  lime  is  dissolved  in  spring  /^.  43. 
water. 

4.  Add  a  little  water  to  a  bottle  of  the  gas ;  shake  the  bottle ;  the 
water  takes  up  the  gas,  and  acquires  decided  add  properties ;  add  a  little 
solution  of  litmiis :  the  blue  is  changed  to  red. 

Carhuretted  Hydrogen  —  CHf 

55.  This  gas  is  formed  in  marshes  and  stagnant  pools ;  it  is  but  little 
more  than  half  the  weight  of  common  air;  it  is  highly  inflammable,  and 
forms  the^re  damp  of  the  miners.  When  coal  is  heated  to  redness,  it  ia 
^ffisolved  into  tarry  matter,  and  certain  gaseous  compounds  of  caibotn  and 
hydrogen,  containing  about  seventy  per  cent,  of  caxboretted  hydrogen. 

EXFB&IMBNTS. 

1.  Invert  a  bottle  filled  with  water  in  a  stagnant  pool;  insert  a  ibn- 
nel  into  the  bottle  to  catch  the  gas ;  stir  up  the  bottom  of  the  pod  with 
a  stick:  bubbles  of  caiburetted  hydrogen  gas  rise,  which  are  easilj 
received  through  the  funnel.  Ignite  the  gas  thus  obtained:  it  bimia 
with  a  yellow  flame. 

*  Gases  which  are  lighter  than  the  air,  such  as  ammoniacal  gaunay  be 
received  in  bottles  with  their  mouths  inverted.  ^ 
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2.  kfix  1  meMore  of  thii  gu  with  7  <v  S  of  comman  wr,  in  ■  boCtla: 
mj^jr  the  &ime  of  m  candle :  the  gas  explodes  with  lome  violence.  Mi>: 
1  meuure  of  the  gu  with  Sot  i  measma  of  air,  and  ignite  the  gawi : 
thej  bum  withoia  ex  plosion. 

3.  Put  Mtue  pounded  coal  into  a  test  tube,  fitted  with  a  cork  and  the 
Btem  of  •  tobacco  pipe ;  applf  the  flame  of  a  ijurit  lamp  s  ga*  u  di*en> 
gaged,  which  ma;  be  inflamed  a*  it  iasuea  from  the  small  orifice  of  the 
pipe. 

f .  The  flame  of  a  candle  it  produced  by  the  ignitioa  of  carbmettcd 
hydrogen  guea.  Bring  one  exlreniity  of  a  tube, 
about  I  of  an  inch  in  diameter,  into  the  centre  of 
the  flame  of  a  candle :  the  gagci  rise  up  the  tube, 
and  may  bt  ignited  aa  they  eecape  at  (be  upper  end. 
This  experiment  also  abows  that  flame  is  hollow. 

66.  Tilt  Davj/  lamp. —  Csrburetted  hydrogot 
occurs  in  coal  pita,  from  the  decomposition  of  the 
coal,  where  it  sometimes  explodes  by  coming  in 
oontact  with  Same ;  and  thus  melancholy  acddenta 
take  place.  The  Davy  lamp  is  designed  to  prerott 
tbcw  expkwioM.  ^.44.  ^ 

Ezptriatmt.  — Take  a  piece  of  fine  wire  gauie:  bold  it  aooM  ths 
flame  of  ajamp;  the  flame  does  not  pass  thiongb  the  gauss.  Blow  out 
the  flame,  and  ignite  tha  ""*^fc*  as  it  riiei  thmugh  the  guue  x  tbc  Ame 
does  not  dtacend  bdow  the  gaiua. 


Fif.  *fi.  Fig.  *«.  • 

Hill  experiment  exhibits  the  principle  upon  whi^  the  Davy  lamp  is 
constructed :  th^metal,  being  a  high  conductor  of  heat,  cools  down  the 
tempenture  of  the  inflammable  matter  in  contact  with  it,  and  thereby 
extinguishes  the  flame  on  the  side  oppodte  to  the  burning  body.  The 
Da*y  lamp  nmplj  consiMs  of  a  lamp  surrounded  by  wire  game  to  pre> 
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Tent^Aamt  Mttirting  ftom  tiie  interior  of  tibe  bonp  to  Ifae  m^tattak  tt^ 

mosphefOi 

Olefiani  GiUyOr  Heavy  Garhuretted  t§j^ro^fen  ^-^G^H.^^ 

57.  This  ^ft^  owing  to  its  iUitmimiting  power»  is  the  «iiost  valualde 
confltitaeiit  of  ctreet  gat.  It  coataiiiB  a  lazger  quantity  of  cttixm  than 
the  light  carburetted  hydrogen.  Coal  gas,  when  wdl  prepared,  contains 
about  20  per  cent,  of  olefiaat  gas. 

Preparation,  —  Mix  one  pert  of  alcohol  with  II  «r  €  |)artB  of  sulphiirie 
acid  in  a  retort ;  apply  tiie  heat  of  an  Axgand  iamp:  thegis^oaiea  over 
in  great  alMindance,  whieh  niky  be  reeeived  orer  watef*  is  4fae  pncvmatie 
trough. 

Exi>BliiM«rts. 

1.  fHi^ge  a  lighted  candle  into  a  bdttlet^f  this  gitt:  die  ^amexif  thfe 
caMlIt  is  «xtinguiRtoed  ;  hut  the  gas  hums,  aft  the  moath  of  thebotde, 
with  «  ine,  brilUmt  flohie. 

2.  Bum  this  gas  in  a  capped  teeA'Vts,    (See  ct(t  to  fitp.  3,  An.  45.) 

3.  Mix  3  volumes  of  oxygien  wHSi  1  vdlcntt^dr  tiMsnt  gas  in  k 
strong  common  soda  water  bottle;  ignite  the  mixed  gflSlttt  li  tioknt 
explosion  t&kroB  -phn^,  tttrt»n!c  itcifl  mid  wBit»  heiHg  Ibnuea:  limfc  ii« 
have 

=  c,H,  +  o,  =  200^  if  taa 

1.  Mix  2  measures  of  chlorine  with  1  measure  of  olefiant  gas  in  a 
bottle ;  inlMiduoe  a  lighted  candle :  the  gases  bum  with  a  red  flames 
with  a  copio«jk  tAcposition  of  lampblack,  thereby  showing  that  olefiant 
gas  contain^  «0ift^n.  . 

Sulphurous  Acid^-^^C^ 

58.  Thil  Mcid  knay  be  procured  in  a  pure  stato  by  bailing  in  a  retort 
sulphuric  iscid  ivtth  copper  cuttings :  the  gas  may  kit  reoeired  by  dis- 
placement, M  ift  Art.  54.  The  action  is  repres^tkltiA  hy  ldub  fidkwing 
symbols :  — 

2  eq.  sulphuric  add  +  1  ^*  ^^^W^ 
.  =  2S0,  -f  CU 

=  BOf  -f  CuO  SO, 

sa  sulphturoUB  hdd  -f>  milphate  df  0!dde  off  isapj^. 

m 

By  passing  a  cuirent  of  the  gas  tiuough  WMeiv  %  solutiion  of  uidf^tKr- 
ous  acid  is  obtained.  It  unites  wit)i  bases,  ibnnhig  MUphittt^  Tht  g«i 
is  us^  in  Meachiag  wooUent 
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Sulphuric  Acid — SOf 

69.  This  valuable  acid  is  made  by  the  manufiietiirer  on  a  large  scale, 
by  baming  sulphur  in  a  luxnaee,  where  nitiic  acid  is,  at  the  same  time, 
formed  by  the  decomposition  of  nitrate  of  soda  by  means  of  sulphuric 
acid :  the  sulphurous  and  nitric  acids  pass  into  a  succession  of  leaden 
chambers  containing  a  portion  of  water,  to  diasoWe  the  sulphuric  acid,  as 
it  is  being  fonned  by  the  nitric  acid  giving  up  a  portion  of  its  oxygen. 
In  the  annexed  cut,  a  represents  the  iumace  in  which  the  sulphurous 
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Fiff.  47. 

and  nitric  adds  are  fonned ;  ft  6  the  leaden  chamben  containing  some 
water.  The  sulphur  is  spread  over  the  bottom  of  the  furnace,  and  the 
nitre  ii  placed  in  the  cup,  shown  in  the  cut.  The  second  chamber  com- 
municates with  a  high  chimney,  for  creating  a  draught,  and  also  for 
carrying  off  the  surplus  vapara. 


Sulphuretted  Hydrogen^  or  Hydroeulphurie  Add —  HS. 

60.  Prepwration.  —  Heat  sulphuiet  of  antimony  in  a  retort,  with  4  or 
6  times  its  weight  of  hydrochloric  add,  and  collect  the  gas  over  warm 
water  in  the  pneumatic  trough,  (or  by  displacement,  as  in  Art.  54.) .  As 
the  bottles  are  filled  with  the  gas,  they  should  be  speedily  removed  and 
dosed. 

The  action  b  represented  in  the  folloMring  sjrmbols :  — 

1  eq.  Bfs<misulphuret  of  antimony  +  3  eq.  hydrochloric  acid 
^  =  ShA  +  3Ha 
«=  3HS    +  ShfcCl, 

Bs  3  eq.  sulphuretted  hydrogen  +  ^  ^*  Msquichloride  of 
antimony. 

ExPERlMEHm. 

1.  Invert  a  jar  of  this  gas ;  apply  a  Hghted  match :  the  gas  bums 
with  a  pale  blue  tiaiae  with  the  deposition  of  sulphur. 

2.  Pour  a  few  drops  of  strong  nitric  add  into  a  bottle  of  this  gas, 

42* 
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and  immediately  close  the  mouth  with  the  thiimh»  protected  hy  a  piece 
of  paper :'  an  explosion  takes  place  with  the  deposition  of  sulphur. 

8.  Generate  the  ffis  In  *  flask  fitted  with  a  cock  and  beat  tube 
ing  into  ft  ftohidon  of  ttrmniouft  acid,  (arseftic  of  eom- 
merce:)  an  orange-colored  prodpitate  is  fonned  of  a 
salphnret  of  amenic.    Sulphtu^tted  hydrogen  is  much 
UKd  in  this  way  as  a  ten  fbr  metals. 

4.  TVannnit,  ftfi  ^  the  iMft  ex{M»SmciRt»  ft  cttirent  of 
the gM thRmghliquH ftMonnlft :  ft ftalnlSoR «f liyd>»- 
sulphuret  of  ammonia  is  formed.  This  solution  is 
much  used  as  a  re-ag«ftt. 


#V.4«. 


Phosphuretud  Hydrogen  —  PH| 


61*  Exptritntfiit  1«  "^^  Put  sotoe  nun  suces  tn  piioi|nKJkiA  iBtf>  ft  wnftii 
retort,  and  fill  it  complexly  with  a  mixture  of  Ufne  and  warm  water; 
insert  the  beak  of  the  retort  in  a  rtmA  oimtaining  warm  water;  boil  tlie 
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mixture :  buWltt  of  (hoiphinetted  hydrogen  gin  ttrfe  giv^ng^i;  which, 
escaping  into  the  wr,  ignite  spontaneously,  ttnd  form  beautiful  rings  of 
smoke. 

2.  Invert  a  test  tube  filled  with  water  over  the  besk  of  the  retort  in 
which  the  gas  is  being  formed :  the  tube  is  soon  filled  with  the  gas. 
Observe  that  the  gas  is  colorless  and  transparent  like  common  air ;  cover 
the  mouth  of  the  tube  with  the  fore  finger,  and  transfer  the  gas  into  a  jar 
of  oxygon  standing  on  the  shelf  of  the  pneima^  fmugh ;  the  babbitt^ 
as  they  rise  into  the  jar,  catch  firck  giving  a  sptendtd  Aadi  of  ligkt* 
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CI1LOR1NF.  —  CI. 

62.  Preparation,  —  Intitxluce  into  a  tctott  hydrochloric  acid  and  black 
oxide  of  mangancM?,  6o  a^  to  form  a  thin  pajftt  {  heat  the  mixture  with 
an  Argand  lamp :  chloi^nc  gas  is  speedily  given  ^  %^ich  may  l)C  rec- 
ognized by  it4  pcc^Khr  color  and  Kuifocating  odor ;  receive  the  gas  over 
warm  water  in  a  nnnll  pneumatic  tro\}]gh,  (or  by  displacement ;  see  Art. 
64.)    Tlie  action  is  represented  by  the  following  symbols:  — 

2  eq.  hydroohftovic  «ei4  -^  1  eq.  tttidc  of  »ang«nen 

=  2HC1  4-  MnO,  ^ 

s=       CI  -h  MnCl  +  2IIO 

=  1  eq.  chlorine  -f-  chloride  of  manganese  and  2  cq.  water. 

Experiments. 

1.  Repeat  Exp.  1.  Art.  22, 

2.  Let  fall  powdered  antimony  into  a  bottle  of  this  gas ;  the  metal 
Ignites  spontaneously,  and  forms  a  beautiful  shower  o^  fiame.  Various 
^Mr  metals  ignite  spontaAcotivly  tft  this  gtt,  Imd  ibrm  ehtbridit. 

3.  Put  a  piece  of  red  calico  moistened  with  water  into  a  bottle  of 
chlorine:  til* €tok* tlll|^Mdi!y  diMhifgtd. 

JTydroohlorie  Acid  —  ttCl. 

63.  To  obtain  this  acid  in  the  gaseous  state,  introduce  into  a  retort 
common  salt  and  as  much  sulphuric  acid  as  will  form  a  thin 

paste ;  apply  the  flame  of  an  Argand  lamp,  aYkd  receive  the  gas 
by  displacement,  ns  it  is  highly  soluble  m  water.    (See  Art.  54.) 

Experiment,  ^^  Pkoe  a  bottle  of  thos  gas  ovel'  a  bottle  of  am* 
moniacal  gaa :  the  gasei  combine  and  form  dense  while  fumes 
of  hydrochlorate  of  ammonia. 

Liquifi  hydrochloric  acid  may  be  prepared  in  considerable 
quantitie^by  transmitting  a  current  of  the  gas  through  water; 
it  may  also  be  made  on  a  imall  scale,  after  the  manner  of  pre- 
paring nitric  acfd,  (see  page  492,)  taking  care  in  this  case  to  pat  f^^q, 
water  into  the  receivcnr  6. 


Cyanogen  —  Cy,  or  C,N. 

64.  Biperiment,  —  Iiitrodnce  a  few  grains  of  cyanide  of  mercury 
(HgCy)  into  a  test  tube  fitted  with  a  cork  and  bent  tube;  apply  the 
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Fig.  61. 

flame  of  a  ipiiit  lan^i :  eymogen  gu  it  ghren  off;  ignite  the  gas  as  it 
isBiita  from  the  mall  tobe :  it  bams  irith  a  faeautifal  -riolee  flamcu 


Sbdiidn  VL 

C0UP08TTI0K  OF  TEOSTABLK  SITBSTAirCES.  COMPOlllfI>  OR- 
GANIC SUBSTANCES  IN  PLANTS.  FERMENTATION.  DIAS- 
TASE. OERMINATION  OF  PLANTS.  STRUCTURE  AND 
FUNCTIONS   OF  PLANTS.      FOOD   OF  PLANTS. 

COMPOSITION  OF  yBOETABLB  SUBSTANCES. 

G5.  When  a  piece  of  straw,  or  any  dried  vegetable  sub- 
stance, is  held  in  the  flame  of  a  candle,  the  greater  portion  is 
consumed  in  the  form  of  gases,  and  only  a  very  small  portioD, 
called  the  ash,  is  left  behind.  That  portion  which  bams  away 
is  called  the  organic  part  of  the  plant,  and  that  which  remains, 
the  ash,  is  called  the  inorganic  part.  The  organic  part  of  plants 
consists  of  four  elementary  substances,  viz.,  carbon,  oxygen,  hy- 
drogen, and  a  small  quantity  of  nitrogen.  The  inoi^ganic  part 
consists  of  the  following  earthy  substances,  viz.,  potassa,*  soda, 
lime,  silica,  roagneiiia,  alumina,  oxide  of  iron,  oxide  Bf  man- 
ganese, sulphuric  acid,  phosphoric  acid,  and  chlorine.  Al- 
though the  ash  forms  a  very  small  part  of  plants,  yet  it  seems 
to  be  as  essential  to  their  growth  and  existence  as  any  of  the 
elements  composing  the  organic  part.  The  proportion  in 
which  these  substances  are  found  varies  in  different  plants, 
and  even  in  different  parts  of  the  same  plant.  The  following 
tal)les,  by  Boussingault  and  Johnston,  give  the  composition 
of  tiie  organic  as  well  as  of  the  inorganic^  parts  of  some  of 
our  most  valuable  plants. 
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TITiien  al!  moifCiire  ias  been  eri^mted,  100  Ibi.  of  each 
vegetable  substance  is  com)90Bed  aa  follows : — 
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In  100  lbs*  of  a^  we  have  the  following  composition : — 
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C6.  Hence  it  appears  that  different  kinds  of  plants  must  cx- 
hkxssi  the  soil  of  different  proportions  of  inorganic  matter ;  thusy 
fot  example,  100  lbs.  of  the  ash  of  wheat  carry  off  19  lbs.  of  po- 
tassft  and  54  lbs.  of  silica,  while  that  of  barky  only  12  lbs.  of 
pcftassa  and  a6  mtrch  as  50  lbs.  of  silica.*  Thus  it  is  that  some 
lapd  win  snit  one  kind  of  vegetables  and  not  another  kind ; 
and  hence  it  fe  that  two  successive  crops  of  different  kinds  of 
plants  may  grow  on  land,  when  two  snccessive  crops  of  the 
same  k^nd  wonld  exhaust  the  soil  of  some  of  its  most  essential 
constitOTMits.  Tt  has,  however,  been  found,  that  when  jmy  one 
of  the  alkalies  is  absent  fVom  the*  soil,  its  place  may  be,  to  a 
certaift  extesit^  sepplied  by  another  alkali  without  injury  to 
the>^etiitioia:  tku^i  when  a  soil  is  defident  in  potassa  and 
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soda,  then  lime  (an  alkaline  earth)  wili«n  some  measure  nap- 
ply  tlieir  place  in  the  ash-  of  the  plant 

67.  As  plants  cany  off,  year  after  year,  certain  portions  of 
organic  as  well  as  inorganic  substances  from  the  land  in  ^vrhich 
they  grow,  it  becomes  necessary,  in  most  soils,  that  these  sub- 
stances should  be  restored  to  the  land  in  the  form  of  manures. 

COMPOUND    ORGANIC  SUBSTANCES   IN  PLANTS. 

08.  In  the  organic  part  of  plants,  the  four  elements  of 
w1iic!h  it  is  composed  are  found  in  the  plant  in  the  form  of  dis- 
tinct compounds ;  the  most  abundant  of  these  are  lignine  or 
woody  fibre,  starch,  gum,  sugar,  gluten,  and  albumen.  The 
first  four  substances  are  composed  of  carbon  and  water  only, 
and  the  last  two  subst^ces  contain  nitrogen,  in  addition  to 
carbon,  oxygen,  and  hydrogen. 

The  composition  of  the  first  four  substances  is  as  follows :  — 

CompoRition  may  be  r^iHvwiited. 

Lignine      -     Cjf  Hg  O^  12  eq.  carbon  and  8  eq.  water. 

Starch         -    On  IIu  O^  12  eq.  carbon  and  10  cq.  water. 

Gum  -    C|9  Hn  Oj^  12  eq.  carbon  and  11  eq.  water. 

Grape  Sugar   Cu  11^  On  12  eq.  carbon  and  12  eq.  water. 

The  only  difference  in  the  composition  of  these  compounds 
is,  that  they  contain  different  proportions  of  the  elements  of 
water. 

Most  of  vegetable  compounds  are  characterized  by  the  fol- 
lowing circumstances :  1.  By  being  composed  of  the  same 
elements ;  2.  By  the  facility  with  which  they  undergo  decom- 
position ;  3.  By  the  facility  with  which  many  of  them  are 
converted  into  each  other,  especially  when  a  substance  contain- 
ing nitrogen  is  present ;  4.  By  the  impracticability  of  form- 
ing them  by  the  direct  union  of  their  elements. 

These  distinct  compounds,  which  exist  ready  formed  in  the 
vegetable,  are  called  proximate  principles;  thus  sugar  and 
gum  are  proximate  vegetable  principles. 

Experimefit,  —  Put  some  wheat  flour  in  a  fine  muslin  bag,  and  knead 
or  work  it  with  your  fingers,  while  a  small  stream  of  water  is  pcmred 
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Upon  it;  continue  the  procev  until  the  wster  oeaaes  to  be  milky  :  the 
substance  remaining  in  the  bag  ii  a  gray  adheaive  matter  like  bird  Ume» 
called  gbUen ;  allow  the  milky  portion  which  has  been  washed  from 
the  bag  to  subside ;  decant  the  dear  liquid :  the  white  deposition  is 
called  §tarch ;  take  the  clear  liquid  and  boil  it :  white  flakes  of  albumen 
are  formed,  a  substance  very  similar  in  its  nature  to  the  white  of  an  egg. 
Gum  aiid  sugar  are  diasolTed  in  the  water. 

Perform  the  same  process  with  grated  potato :  in  this  case,  fibrous 
matter  is  fcft  in  the  bag,  the  other  portions  being  the  same  as  in  the 
preceding  experiment. 

69.  Lignine,  starchy  gum,  and  sugar,  being  so  similar  in 
composition,  may  readily  be  converted  iuto  each  other.  Thus, 
for  example,  starch  may  be  converted  into  gum  by  roasting  at 
a^  temperature  above  that  of  boiling  water ;  L*gnine  may  be 
converted  into  gum  by  the  action  of  strong  sulphuric  acid ; 
and  the  gum  thus  formed  may  be  converted  into  sugar  by  add- 
ing water,  and  boiling  the  mixture  for  some  hours ;  and  so  on 
to  other  cases  of  transformation. 

ExPBVnfENTS. 

1.  Dissolve  some  starch  in  boiling  water :  a  thick  jelly  is  formed, 
which,  after  being  dried,  has  the  appearance  of  glue ;  this  jelly  is  insol- 
uble in  cold  water,  and  is  rendered  blue  by  the  addition  of  a  solution  of 
iodine.  (See  Exp.  2,  Art.  21.)  To  the  thick  solution  of  starch  add  an 
infusion  of  vegetated  barley  of  the  malting :  the  starch  grows  more 
liquid,  and  in  a  short  time  its  consistence  entirely  disappears ;  eraponitc 
to  dryness,  and  a  yeUow  jelly-like  mass  is  obtained,  which  is  now  readily 
dissolved  by  eold  water,  whereas  starch  is  insoluble  in  cold  water.  To  a 
•solution  of  this  substance  add  a  solution  of  iodine :  a  red  wine  color  is 
produced.  This  yellow  substance  is  a  gum  called  dextrine ;  it  is  used  in 
the  place  of  gum  arable  for  stiffening  calico.  There  is  evidently  some 
active  agent  in  the  vegetating  barley,  which  has  produced  these  changes 
in  the  starch  :  this  agent  has  been  called  diaeta»e. 

2.  Boil  some  diluted  sulphuric  acid  (I  part  of  acid  to  12   parts 
,  of  water)  in  a  'porcelain  dish ;  add  gradually  some  starch  paste :  the 

starch  la  dissolved ;  test  a  portion  of  the  solution  by  means  of  a  solution 
of  iodine :  a  red  wine  color  is  produced,  as  in  the  last  experiment ;  con- 
tinue the  boiling  for  a  short  time  lonf^er,  and  the  iodine  will  cease  to 
produce  any  change  of  color.  Take  the  liquid  in  the  evaporating  dish, 
and  add  to  it  powdered  chalk  until  the  acid  is  neutralized,  and  allow 
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the  9u]phiile  «r  lim^to  tiiMd^:  the  elear  U^aid  h  fwee^  «9d  evjitRli 
of  n^«r  may  be  oladewed  by  evi^oattiBg  »  portioB  of  tt#  vite^  bj  « 
•Ipw  bm^  III  tbiB  proceM  »q  gee  is  (pvc^k  o0;  wpil  tb6  add  auffsa  so 
qhanscw  Tbe  qt^Xy  <tifec»oe  in  Uie  cooafositm  of  stexeb  end  k^  v^ 
thet  *!>•  lettwr  ««■***»■»■  dmim  ef  tbe  elsBMBte  of  vstcr  tben  ♦!**»  finmeL 

Bcrzelius  designates  this  peculiar  action  exerted  by  the  sul- 
phuric i^cid  W  coav^^tjwg  Qtaich  into  ^ugar  Uilfi  cqtalyti.e  Jofce, 
or  the  Ibrc^^f  fa^djlflfM*  • 

70.  Fermentation.  —  This  term  is  u^ted  ^ftmeraOjf  lo  ezpre« 
those  changes,  that  are.  spontaneousljr  effected  in  organic  sub- 
stances by  tbe  reaction  of  their  elemeats.  Thus,  when  a  so- 
lution of  grape  6U^ar»  tQ  which  ferment  or  common  yeast  bad 
been  added,  is  kept  for  soniQ  tio^i.  a(  Or  moderate  heat,  the  mix- 
ture froths  up,  in  consequence  of  the  escape  of  carbonic  acid 
gas,  the  sweet  taste  of  the  solution  gradually  disiq>pears,  aud 
when  the  fermentation  has  ceased,  spirit,  or  alcohol,  is  found 
in  the  water.  This  spirit  is  given  off  in  a  concentrated  form 
by  evaporation  at  a  temperature  below  that  of  boiling  water. 
Alcohol  (C^H^Os)  contains  less  oxygen  and  carbon  than  sugar; 
hence  the  escape  of  carbonic  acid  in  order  to  change  the  sugar 
into  alcohol  Thus  sugar,  or  C,sH|,Oi„  becomes  2C4H,Ox,  or 
2  eq.  alcohol  and  4C0i,  or  4  eq.  carbonic  acid.  Yeast,  as 
well  as  all  substances  which  have  the  property  of  inducing  or 
exciting  fermentation,  contains  nitrogen^  in  addition  to  carbon, 
oxygen,  and  hydrogen. 

71.  When  a  mixture  of  diluted  spirit  aad  yeasfc  is  exposed 
to  the  air,  oxygen  is  absorbed,  and  acetie  acid  or  vinegar  is 
formed.  The  composition  of  dry  acetic  acid  is  C4H,0| ;  that 
is,  it  may  be  represented  by  4  eq.  carbon  and  3  eq.  water. 
Hence  the  action  may  be  represented  as  foUows :  — ^ 

1  eq.  alcohol  +  ^  ^-  oxygen  s  C^E^O^  +  O^ 

=-  C4H.O,  +  3H0, 
or  1  eq.  eoetic  edd  -)-  3  eq.  water. 

In  both  of  these  cases  of  fermentation  the  yeast  merely  ads 
as  a  stimulating  agent. 

72.  Besides  the  proximate  vegetable  pnndplea  already 
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enumerated,  there  are  several  vegetable  adds,  oils,  fatty  mat- 
tersy  and  the  peculiar  substance  called  diastase,  which  pro- 
duces an  important  action  in  relation  to  the  growth  of  plants. 
Vegetable  acids,  —  The  most  common  vegetable  acids  are, 
acetic  acid  (vinegar),  malic  acid  (the  acid  of  apples)!^  oxalic 
acid  (from  common  sorrel),  tartaric  add  (in  grapes),  citric 
acid  (the  acid  of  lemons). 

GERMINATION.      DIASTASE. 

73.  When  a  seed  is  planted  it  begins  to  sprout ;  that  is,  it 
shoots  a  sprout  upwards  into  the  air,  and*  sends  a  root  down- 
wards into  the  soil.  At  this  stage  of  the  lif<^  of  the  young 
plant  it  must  live  upon  the  starch  and  gluten  contained  in  the 
seed  alone.  In  order  to  render  these  substances  soluble  in 
water,  and  thereby  available  for  the  food  of  the  plant,  there  is 
formed  out  of  the  gluten,  at  the  base  of  the  germ,  the  peculiar 
substance  called  diastase.  This  substance  renders  the  starch 
soluble  in  the  sap,  and  it  is  thus  conveyed  to  the  shoot  and 
root  of  the  young  plant  The  starch  in  this  state  of  solution 
becomes  sugar.  As  the  plant  advances  in  its  growth  it  begins 
to  have  leaves,  and  at  Uiis  stage  the  sugar  is  changed  into 
woody  fibre,  which  forms  the  stem.  By  the  time  the  starch 
and  gluten  are  exhausted  from  the  seed,  the  plant  has  acquired 
all  the  functions  necessary  for  taking  up  food  from  the  air  and 
the  soil.  A  simikr  process  takes  place  in  the  formation  of 
malt,  where  the  germination  of  the  barley  is  stopp^  when 
the  sugar  is  formed. 

STSUOTDRB  AND  FUN0TION8  OF  PLANTS.   POOD  OP  PLANTS. 

74.  A  complete  plant  has  three  parts  which  are  essential  (o 
its  growth :  a  root,  whift  throws  out  fibres  into  the  sofl ;  a 
trunk  or  stem,  which  rises  into  the  air;  and  leaves,  which 
present  an  extended  surface  to  the  action  of  the  air.  Each 
of  these  three  ^arts  performs  peculiar  functions  or  offices  in 
the  growth  of  the  plant. 

1.  The  trtaik^  or  stem,  consists  of  three  parts :  in  the  centre 
43 
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is  the  pithy  next  the  pith  is  the  wood,  and  the  hark  encloses 
the  whole. 

Tlie  pith  consists  of  veiy  small  horizontal  tnhes ;  the  fco<td 
and  inner  hark  are  made  op  of  longitudinal  tabes  connected 
together  for  conveying  the  sap  between  the  roots  and  leaves ; 
the  vessels  in  the  wood  convej  the  sap  from  the  roots  to  the  . 
leaves,  and  the  vessels  in  the  inner  bark  convej  the  sap  from 
the  leaves  to  the  roots  ;  thus  in  a  growing  plant  there  are  cur- 
rents of  sap  continually  ascending  and  descending.* 

2.  The  root  on  leaving  the  stem  has  the  same  structure  as 
tlie  trunk;  but  the  finely-extended  tendrils  consist  of  one 
white,  uniform,  spongy  mass,  fur  the  purpose  of  absorbing 
liquid  food  from  the  soil. 

3.  The  leaf  consists  of  fibres,  which  are  continuations  of 
the  wood,  together  with  the  green  portion,  which  is  a  continu- 
ationof  the  bark.  The  under  part  of  the  leaf  is  full  of  pores, 
which  communicate  with  the  hollow  tubes  of  the  inner  bark. 
It  has  already  been  explained  (Exp.  6,  Art.  15,  and  Art.  18) 
that  in  the  daytime  the  leaves  are  continually  absorbing  car- 
bonic acid  gas  from  the  air,  and  throwing  off  oxygen ;  thus 
carbonic  acid  is  decomposed  by  the  plant  —  the  carbon  is 
retained  as  food,  while  the  oxygen  is  rejected.  The  reverse 
of  this  process  is  going  on  at  nighty  but  so  slowly  as  scarcely 
to  interfere  with  the  general  effect.  Carbonic  acid  also  enters 
the  plant  through  the  roots.  Some  suppose  that  carbon  enters 
tlie  pl^t  by  the  roots  in  the  form  of  ulmic  acid,  a  substance 
composed  of  carbon  and  water  only. 

75.  The  elements  composing  the  organic  part  of  plants  are 
always  absorbed  in  a  state  of  combination,  and  the  snbstaoces 
forming  the  inorganic  part  must'  be  in  a  state  of  solution,  in 
order  to  be  sucked  in  by  the  roots.  *The  food  of  plants  most 
contain  the  various  elements  which  enter  into  their  composi- 
tion.   In  general,  the  substances  which  afford  this  food  are 

*  The  ascent  of  the  mp  probably,  in  some  measure,  depends  on  the  prin- 
ciple of  endo$mou  and  exoimote,  (See  Art  39,  p.  89,  of  the  Treatise  on  Hy- 
drostatics.) 
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carbonic  add,  water,  and  ammonia,  derived  from  the  air  as 
well  as  the  soil ;  and  certain  saline  and  earthy  substances,  de- 
rived exclusively  from  the  soil.  Light  and  heat  (and  proba- 
bly electricity)  stimulate  the  functions  of  plants,  and  are  abso- 
lutely necessary  to  their  growth  and  full  development  Light 
is  also  essential  to  the  formation  of  the  coloring  matter  in 
plants. 

It  will  now  be  easy  to  see  how  the  plant  should  form  woody 
fibre,  starch,  sugar,  gum,  or  vinegar,  all  of  which  substances 
consist  of  carbon  and  water  only,  united  in  different  propor- 
tions. Ammonia  and  nitric  acid  supply  the  plant  with  nitro- 
gen. 

SEcnoN  Vn. 

SOILS.  THEIR  COMPOSITION.  ORGANIC  AND  INORGANIC 
PARTS.  SALINE  AND  EARTHY  PARTS.  PHYSICAL  CHAR- 
ACTER OF  SOILS.  TO  SEPARATE  THE  SAND  FROM  THE 
CLAY.  TO  DETERMINE  THE  QUANTITY  OF  LIME,  OF  OR- 
GANIC MATTER,  AND  OF  SALINE  MATTER,  IN  A  SOIL. 
ORIGIN  OF  SOILS.  MECHANICAL  PROPERTIES  OF  SOILS. 
CHEMICAL   PROPERTIES   OF   SOILS. 

COMPOSITION   OF   SOILS. 

76.  Soils,  like  plants,  are  composed  of  organic  as  well  as 
of  inorganic  matter. 

The  organic  part  of  sotk  is  chiefly  derived  from  the  re- 
mains of  vegetable  and  animal  substances.  Peaty  s(»ils  con- 
tain a  large  proportion  of  organic  matter,  while  good  wheat 
lands  contain  only  about  one  twentieth  of  their  whole  wei<rhr. 
This  organic  matter  in  the  soil  has  been  called  humus,  which, 
by  the  action  of  alkaline  substances,  is  resolved  into  iilmic  and 
humic  acids.  As  the  vegetable  matter  undergoes  decay,  tliis 
organic  portion  of  the  soil  also  gives  to  the  land  the  various 
inorganic  substances  found  in  its  ash. 

77.  The  inorganic  part  of  soils  consists  of  certain  seUine 
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soluble  sabsUuices,  and    of  certain    earify  instable    sub* 
stances. 

1.  The  taltne  9ohtbU  iuhitanees  consist,  in  general,  of  com- 
mon salt,  sulphates  of  soda  and  magnesia,  g^rpsum,  with  small 
portions  of  the  nitrates  of  potassa,  soda,  and  lime,  and  of  the 
chlorides  of  calciom,  magn^om,  and  potasstnm,  together  with 
ammoniacal  saUs.  From  these  soluble  compounds  the  plant 
obtains  nearly  all  the  saline  matter  contained  in  its  ash.  The 
rain  dissolves  these  saline  substances,  and  carries  them  into 
the  subsoil ;  but  in  diy,  warm  weather,  thej  reascend  to  the 
surface,  and  are  thus  brought  in  contact  with  the  roots  of  the 
growing  plant.  Thus  fine  warm  weather  accelerates  the  ripen- 
ing of  corn  and  other  valuable  grain. 

2.  Tiie  earthy  tnioluble  iuUtcmcei  in  the  soils  never  consti- 
tute less  than  nine  tenths  of  their  whole  weight.  The  prtn- 
eipal  ingredients  of  this  earthy  patter  are  mKcOy  in  the  form 
of  sand,  alumina^  mixed  with  sand,  in  the  form  of  e/ojf,  and 
carbonate  of  lime.  Where  the  soil  has  a  red  color,  the  iodde 
of  iron  is  generally  present  Minute  traces  i^  phosphate  of 
lime  may  also  be  detected  in  most  good  soils. 

PHYSICAL  CHABACTER  OP  SOILS. 

78.  The  relative  proportions  of  sand,  clay,  and  lime^  in  a 
SOU  give  it  a  peculiar  physical  character.  When  a  soil  con- 
tains only  a  small  proportion  of  day,  it  is  called  a  sandy  soil; 
when  the  quantities  of  sand  and  clay  are  nearly  equal,  it  is 
called  a  loamy  soil,  or  clay  loam,  according  as  the  quantity  of 
sand  is  greater  or  less  than  the  day ;  when  the  clay  is  much 
in  excess,  it  b  called  clay  loam,  or  strong  clay,  as  the  case  may 
be.  Good  arable  land  rarely  contains  more  than  one  third 
part  of  its  weight  of  day. 

79.  To  aepmvte  the  »antlfrom  the  day  in  a  9oil.  —  Take  about  half  an 
ounce  of  soil,  and  bcil  it  in  about  half  a  pint  of  water,  in  a  porcelain 
dif^h,  until  it  is  completely  diffused  through  the  water ;  after  shaking, 
let  the  nuxttu-c  stand  for  a  minute,  to  allow  the  sand  to  settle  to  the 
bottom  of  tl>.c  Tcesel,  while  the  clay  remains  suspended  in  the  fluid ; 


EXPERIMENTAL    CnEMISTRT.  600 

X>our  off  the  water  with  the  floating  day  into  another  vessel,  and  allow 
the  clay  now  to  settle.  The  sandy  portion  of  the  soil  will  be  found  in 
the  first  vessel,  and  the  clayey  portion  at  the  bottom  of  the  second.  Tb  -• 
sand  and  clay  may  now  be  dried  and  weighed  separately,  and  the  rela- 
tive weights  will  give  the  proportion  in  which  they  subsist  in  the  soil. 

80.  If  a  soil  contains  more  than  one  twentieth  of  its  w^gbt 
of  carbonate  of  lime,  it  is  called  marl ;  and  if  more  than  one 
fifth,  it  is  called  calcareous  soiL 

To  determine  the  quantity  of  Ume  in  a  toil.  —  Take  100  grains  of  the 
soil,  (which  has  been  previously  heated  to  redness,  to  de>troy  the  vegeta- 
ble matter,)  and  diifuse  it  through  about  half  a  pint  of  distilled  water ; 
add  about  an  ounce  of  hydrochloric  acid,  and  allow  the  mixture  to 
stand  for  a  few  hours,  observing  to  stir  it  from  time  to  time.  Bubbles  of 
carbonic  acid  are  given  off.  After  the  action  has  ceased,  pour  off  the 
clear  liquid;  dry  and  then  heat  the  residue  to  redness,  and  weigh  it : 
the  loss  is  nearly  the  weight  of  lime  and  carbonate  of  lime  in  the  soil. 

81.  To  determine  the  quantity  of  organic  matter,  —  Dry  about  an 
ounce  of  the  soil  on  paper  in  an  oven,  at  a  heat  which  does  not  char  the 
paper;  bum  about  |200  grains  of  this  dry  soil :  the  loss  is  nearly  the 
weight  of  the  organic  matter  contained  in  it. 

82.  To  determine  the  quantity  of  saline  matter.  —  Take  2  lbs.  of  dry 
soil,  and  boil  it  in  about  a  quart  of  distilled  water ;  after  allowing  the 
solid  matter  to  subside,  pour  off  the  clear  liquid,  and  evaporate  to  dry- 
ness at  a  moderate  heat ;  weigh  the  residue,  and  it  will  give  the  quan- 
tity of  soluble  saline  matter  in  the  soil.  In  a  good  soil  this  saline 
matter  may  weigh,  upon  an  average,  about  20  grains. 

ORIGIN    OF   SOILS. 

83.  Soils  owe  their  origin  to  the  disintegration  or  gradual 
crumbling  down  of  rocks,  by  the  action  of  water,  frost,  air, 
and  various  chemical  agents.  Hence  soils,  in  general,  derive 
their  peculiar  character  from  the  geological  strata  upon  which 
they  lie,  or  from  the  nature  of  the  rocks  in  th%  adjacent  hills 
or  mountains. 

MECHANICAL   PB0PKRTIE8   OP  SOILS.  ^ 

84.  Sandy  and  marly  soils  are  heavy,  while  peaty  soils  are 
light  Strong  clays  and  peaty  soils  absorb  and  retain  moist- 
ure ;  hence  they  are  damp  and  cold ;  hence^  especially,  the 
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neoessitj  for  draining  sncb  soils.  Sandj  soils  neither  absorb 
nor  retain  much  moisture  ;  bence  such  soils  become  scorched 
with  the  heat  of  summer,  and  the  plants  growing  upon  them 
are  burned  up.  In  rainy  seasons,  howerer,  sandy  soils  fre- 
quently sustain  a  luxuriant  vegetation,  while  the  plants  upon 
a  clayey  land  almost  perish  irom  the  excess  of  moisture. 

85.  Heat  causes  clay  and  peat  to  contract ;  in  doing  so,  the 
soil  compresses  the  roots  of  the  plants,  and  prevents  the  access 
of  air,  and  thus  the  growth  of  the  plant  is  retarded. 

8G.  The  absorbent  power  of  clay  is  useful  in  a  soil,  for  dur- 
ing the  hot  and  dry  season  of  the  year,  in  the  cool  period  of 
tlie  night,  the  clay  absorbs  the  dew  that  falls  upon  it,  and  re- 
tains the  moisture  with  great  tenacity. 

87.  In  order  that  plants  may  come  to  peifeetioD,  it  b  nect*s- 
sary  that  the  soil  on  which  they  grow  shoald  attain  a  certain 
degree  of  warmth.  Damp  lands  are  cold,  lor  the  continual 
evaporation  of  the  moisture  carries  off  the  heat  of  the  sun ; 
hence  the  necessity  of  drainage. 

88.  These  observations  show  the  value  of  a  due  admixture 
of  clay  and  sand  in  order  to  form  a  mixture  having  all  the 
mechanical  qualities  of  a  fertile  soil,  where  the  earthy^  constit- 
uents are  so  adjusted  that  ^  the  loose  and  porous  qualities  of 
the  one  are  corrected  by  the  plastic  and  retentive  qualities  of 
the  other.'*  It  is  a  remarkable  fact,  that  a  mixture  of  alumi- 
na, silica,  and  lime  absorbs  gaseous  matter  as  well  as  moisture, 
better  than  any  of  these  earths  taken  by  itself. 

CHEMICAL   PBOPEBTIES   OF  SOILS. 

89.  Soils  not  only  sustain  a  plant  in  an  erect  position  and 
afford  it  food,  but  they  are  the  medium  in  which  various  cJiem- 
ical  actions  are  gradually  and  constantly  going  on,  in  the  prep- 
aration of  different  substances  essential  to  the  growth  of 
plants.*  Thus  lime  is  constantly  decomposing  ve^^etable  and 
animal  matter  in  the  soil,  and  thereby  preparing  food  for  the 
plant.  Thus  organic  substances  in  the  soil  aid  in  absorbini^ 
ammonia  and  carbonic  acid  from  the  air.     Thus  little  gi-ains 
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of  alkaline  siliciltes  are  gradually  rednccil  to  powder,  and  in 
Ihis  state  water  dissolves  the  alkaline  inaitur.  (See  Exp.'l, 
Art.  28.) 

90.  A  fertile  soil  sliould  not  only  contain  all  the  elements 
essential  to  the  growth  of  a  plant,  but  thej  should  exist  in  a 
due  proportion.  A  deficiency  of  one  substance,  or  an  excess 
of  another,  may  equally  contribute  to  deteriorate  the  quality 
of  the  land.  Hence  the  utility  of  artificial  applications  to 
land,  whereby  the  farmer  is  enabled  to  supply  what  may  be 
deficient,  or  in  some  degree  to  neutralize  the  infiuenoe  of  what 
may  be  in  excess.  The  following  analyses  of  three  difierent 
soils,  by  Dr.  Sprengel,  afford  a  striking  illustration  of  these 
remarks. 

1000  parts  of  each  soil  contained  as  follows :  — 


No.  1. 

Na2. 

No.  3. 

Fine  earthy  and  oxgaxac  matter. 

-    987 

839 

599 

Silidous  sand, 

m 

-      46 

160 

400 

Saline  soluble  matter, 

- 

-       18 

1 

1 

1000 

1000 

^  1000 

000  parts  of  the  fine 

earthy 

and 

[  organic  i 

matter  o 

Dntained 

No.  1. 

No.  2. 

No.  3. 

Organic  matter, 

- 

- 

97 

50 

♦P 

Silica,  - 

- 

- 

.648 

838 

778 

Alumina, 

m 

- 

-57 

51 

91 

Lime,   - 

- 

59 

18 

4 

Mi^inena, 

- 

8-5 

8 

1 

Oxide  of  Iran,  • 

- 

61 

30 

81 

Oxide  of  mangaaeBe^ 

• 

1 

3 

i 

Potassa, 

- 

2 

trace 

trace 

Soda,    • 

m 

4 

— 

— 

Ammonia, 

m 

trace 

— 

— 

Chlorine, 

- 

2 

— 

— 

Sulphuric  acid,  - 

- 

2 

i 

— 

Phosphoric  acid. 

- 

4*S 

11 

— 

Caibonic  acid,  - 

- 

40 

4 

— 

^«.  -      - 

- 

14 

— 

4i 

1000 

1000 

1000 
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No.  1  ifi  a  highly,  fertile  soil,  which  had  grown  com  and 
puit^e  crops  without  the  application  of  any  manure.  This  soil 
seems  to  contain  all  the  essential  constituents  of  plants.  No. 
2  i:;  a  fertile  soil  which  required  to  be  manured  with  gypsum. 
The  analyt^is  indicates  a  deficiency  of  soluble  saline  matter, 
with  only  traces  of  potassa,  soda,  and  sulpharic  and  other 
acids.  No.  3  is  a  barren  soil ;  it  is  deficient  in  organic  mat- 
ter ;  potiL^sa,  soda,  &c,  are  almost  wanting ;  lime,  oxide  of 
iron,  and  i^ilica  seem  to  be  largely  in  excess.  In  order  to  ren- 
der this  soil  productive,  it  would  require,  not  only  to  have 
added  those  substances  which  are  absent,  but  some  other  sub- 
stances which  would  tend  to  neutralize  the  matters  in  excess. 


Section  VIII. 

IMPROVEMENT  OF  SOILS.  MECHANICAL  OPERATIONS: 
DRAINING,  PLOUGHING,  ETC.  MANURING:  VEGETABLE, 
ANIMAL,  AND  MINERAL  MANURES.  SPECIAL  MANURES. 
ROTATION    OF   CROPS.      FALLOWING.      IRRIGATION. 

IMPROVEMENT   OF"  SOILS. 

91.  Land  may  be  improved  by  working  it,  that  is,  by  me- 
chanical operations,  such  ^  draining,  ploughing,  &c ;  or  by 
improving  the  quality  o£»the  soil  by  the  application  of  inii^ 
nures. 

MECHANICAL   MEANS    OF  IMPROVING   LAND. 

92.  Draining.  —  It  has  already  been  shown  (Art  S7)  that 
damp  lands  are  cold  and  unproductive.  The  first  considera- 
tion, therefore,  with  the  farmer  in  reference  to  such  soils  is  to 
have  all  redundant  moisture  carried  off  by  means  of  drains. 
The  advantages  of  drainage  are  further  shown  by  the  follow- 
ing circumstances.  When  there  is  too  much  water  in  a  soil, 
the  food  of  the  plant  is  either  washed  down  to  the  subsoil,  or 
it  enters  the  roots  in  a  very  diluted  state.  When  a  soil  baa 
been  drained  and  ploughed,  it  is  no  longer  dose  and  adhesive^ 
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but  permits  the  air  to  penetrate  through  it,  and  the  roots  to 
ttxtend  themselves  in  all  directions.  Moreover,  a  more  health- 
i'ui  decomposition  of  the  organic  matter  goes  on  in  dry  soils 
than  in  damp  ones« 

There  are  few  soils  whieh  maj  not  be  benefited  by  drain* 
age.  ^t  is  especially  beneficial  to  damp  elay  and  peaty  soib. 
When  the  soil  is  a  clay  with  sand  or  gravel  for  the  subsoil,  it 
wiH  be  sufficient  if  the  surface  is  drained ;  but  when  the  soil 
is  sandy,  with  clay  for  the  subsoil,  the  dndn  should  go  down 
into  the  sufaeoil ;  otherwise  the  land  will  be  damp  and  cold. 
To  prevent  the  soO  being  washed  away,  the  fidl  of  drains 
should  be  gentle.  Land  should  always  be  drained  some  time 
before  ploughing.  Drain  pipes  mode  of  porous  burnt  cUy, 
fitting  into  each  other,  are  now  generally  adopted  for  agricul- 
tural purposes. 

93.  Ploughing  in  general,  especially  combined  with  drain- 
age, allows  water,  air,  and  other  gases  to  come  in  contact  with 
the  roots  of  the  plants,  destroys  unhealthful  acidity  in  the  soil, 
and  promotes  the  decomposition  of  vegetable  matter. 

94.  Suhsoil  and  deep  ploughing  especially  bring  new  min- 
eral  manure,  such  as  lime,  to  the  surface.  Agriculturists  con- 
sider that  the  subsoil  plough  should  not  be  used  until  after  the 
land  has  been  drained  for  one  year.  The  reason  of  this  must 
be  obvious ;  damp  soils  are  merely  cut  by  the  plough,  whereas 
dry  soils  are  brqken  to  powder  when  a  heavy  plough  passes 
through  them. 

MANURING  AS  A  MEANS   OF  IMPROVING  SOILS. 

95.  Manures  are  divided  into  three  chisses,  via.,  y^|etable 
manures,  animal  manures,  and  mineral  manures. 

VEGETABLE  MANURES. 

(6.  These  manuns  serve  to  open  the  pores  of  the  Ittid,  and 
to  supply  organic  as  well  as  inorganic  food  to  plants.  Vege- 
table matter  may  be  used  as  a  manure  either  in  the  green 
state  or  in  the  dry  state. 
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Cfreen  manurtt.  —  When  green  vegetable  sobstances  are  pot 
into  the  soil,  they  undergo  a  rapid  decay,  yielding  a  speedj 
supply  of  food  to  the  growing  plant ;  on  the  contrary,  dry  ma- 
nures decay  more  slowly,  but  act  more  permanently  upon  the 
land.  The  cleanings  of  ditches,  hedge  sides,  &c.,  turnip  and 
potato  tops,  mixed  with  earth,  and  formed  into  a  compost  ^eapj 
constitute  an  enriching  application  to  the  soiL  In  some  parts 
of  this  country  turnip  seed  is  sown  at  the  close  of  harvest, 
and  at  the  end  of  two  months  the  green  crop  is  ploughed  into 
the  land.     Sea  weeds  form  a  valuable  green  manure. 

97.  Dry  manures.  —  Dry  vegetable  substances,  sach  aa 
straw,  sawdust,  &c.,  decay  very  slowly ;  it  is  desirable,  there- 
fore, before  applying  such  substances  to  the  land,  that  they 
should  be  mixed  with  some  matter  which  tends  to  promote 
fermentation.  Sawdust  mixed  with  soil  and  common  weeds, 
laid  up  in  a  compost  heap,  and  from  time  to  time  watered  with 
the  liquid  manure  of  the  farm-yard,  is  converted  into  a  valu- 
able vegetable  mould.  If  the  fermentation  be  not  carried 
beyond  a  certain  point,  this  compost  exercises  a  gradual  and 
prolonged  action  on  the  growing  plants :  on  the  contrary,  if  it 
be  laid  on  the  land  when  in  a  complete  state  of  fermentation, 
the  action  is  immediate ;  hence  the  application  of  the  latter 
kind  of  manures  to  turnips  and  other  crops  which^require  to 
be  brought  into  a  condition  of  rapid  growth.  Charcoal  pow*, 
der,  malt  dust,  bran,  rape  dust,  soot,  tanner^s  bqrky  dec,  are  the 
most  common  dry  manures  in  use. 

ANIBCAL   MANURES. 

98.  Animal  manures  are  the  most  energetic  in  their  action* 
in  consequence  of  the  nitrogen  they  contain,  which  exists  in 
tliem  in  the  form  of  ammoniacal  salts :  these  salts  are  amongst 
the  most  powerful  agents  in  promoting  vegetation.  The  value 
of  guano  as  an  application  to  the  soil  depends  chiefly  on  the 
quantity  of  ammonia  which  it  contains.  According  to  Liebig, 
the  air  immediately  in  contact  with  the  soil  contains  small  por- 
tions of  ammonia,  which  is  being  continually  absorbed  by  the 
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8oiL  The  soluble  portion  of  manures  is  most  valuable,  in 
consequence  of  the  volatile  substances  which  it  contains ;  and 
hence  the  intelligence  and  industry  of  a  fanner  are  shown  by 
the  care  he  takes  *of  his  bam  yard.  In  warm  weather  the 
mixed  manure  heap,  or  compost  heap,  should  be  watered,  and 
a  free  current  of  air  allowed  to  pass  over  it,  in  order  to  check, 
in  some  degree,  the  process  of  fermentation,  which  causes  the 
carbonate  of  ammonia  to  escape  into  the  air.  In  order  still 
further  to  secure  the  volatile  matters,  the  heap  should  be  cov- 
ered over  with  a  layer  of  soil,  or,  in  other  cases,  with  the  sul- 
phate of  lime  ;  these  earths  absorb  and  fix  the  vapors,  and  are 
thus  converted  into  valuable  applications  to  land.  Quicklime 
should  never  be  put  into  the  compost  heap,  for  it  decomposes 
the  salts  of  ammonia,  and  thus  the  most  valuable  portion  of 
the  mannre  would  be  dissipated  into  the  atmosphere.  As 
there  is  always  a  loss  during  fermentation,  the  judgment  of 
the  farmer  must  be  exercised  as  to  the  proper  time  for  laying 
the  fermenting  manure  upon  his  land :  this  time  must,  in  some 
degree,  depend  upon  the  nature  of  the  soil  and  the  crops  to 
be  reared.  To  cold  soils,  for  example,  fully  fermented  manure 
is  most  valuable,  as  it  tends  to  warm  the  soil,  and  to  stimulate 
the  growth  of  the  plant. 

99.  Boussingault  gives  the  following  analysis  of  an  average 
farm  yard  manure :  — 

In  100  parts  of  the  manure  we  have 

Carbon,           .....  7.41 

Oxygen,         .....  5.34 

Hydrogen,      -            -            -            .            .  *      (hS7 

Nitrogen*        .....  o*41 

Salts  and  earthy  wibstancci,    ...  6*67 

Water,           .....  79.30 


100*00 


MINERAL  MAKURE8. 


100.  Ltme.shiU  sand^and  marl.  —  Lime  is  the  most  impor- 
tant of  all  the  mineral  applications  to  land.  It  serves  a  me- 
chanical purpose  by  giving  a  proper  consbtency  to  soils,  and 
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it  aelft  ehemiealij  by  deoom^osiog  TuicMifl  organic  sabfitances. 
At  tbe  Mune  time  absorbiiig  aad  inng  thear  gaaeoos  pcoduetg, 
and  rencleriag  vegetable  aB  well  as  mineral  substanees  M^ufafe 
«^icli  wero  aoi  so  before.*  Mr.  Moflbr,  in  an  aMe  paper, 
(publifllied  in  die  '^Journal  of  the  Norduonberlaiid  AgricoltQ- 
rftl  Bocietj''  for  the  year  1849,)  adduces  the  foMowing  exper- 
iment to  illustrate  the  mode  in  which  lime  acts  on  the 


Experiment.  —  **  Take  some  sawdust,  or  any  flfarons  matter*  and  boil 
it  in  water,  to  as  to  extract  all  its  soluble  matter ;  wash  it  well  with  cold 
water,  and  strain,  so  as  to  leave  it  only  in  a  moist  state ;  then  add  to  it 
one  fifth  part  of  caustic  lime,  and  close  the  nuxtore  up  in  a  battle  fcr 
two  or  three  months.  After  this  period  you  will  find  the  lime  to  have 
assumed  a  brownish  color,  effervescent  when  vinegar  is  poured  upon  it, 
which  indicates  the  presence  of  carbonic  acid ;  and  when  water  is  again 
boiled  ^ath  the  mass,  it  will  gain  a  fawn  color,  and  by  evaporation  leave 
a  fawn-colored  powder,  consisting  of  lime  combined  with  v^B;etable  ex- 
tract. The  sawdust,  previous  to  the  action  of  the  hme,  was  perfectly 
insoluble  in  water ;  it  is^now  converted  into  a  brownish  powda,  wlneh 
disrolves  in  large  quantity  in  water.  Now,  this  is  precisely  an  example 
of  tlie  change  produced  by  the  action  of  lime  in  a  caustic  state  upon  the 
insoluble  fibrou^  matters  of  the  soil."  Mr.  Moffat  further  observes 
**  Caustic  lime  decomposes  all  the  salts  and  combinations  of  ammonia, 
combining  with  their  adds  by  reason  of  its  stronger  alkaline  affinity, 
and  dissipating  the  ammonia  into  the  atmoqihere;  hence  lime  should 
never  be  applied  with  guano,  nor  €um  yard  manure,  as  a  great  portion 
of  the  nutritive  quality  of  these  manures  resides  in  the  salts  of  ammnma 
they  contain." 

When  vegetable  matter  abounds  in  a  soil,  a  considerable 
portion  of  lime  may  be  used  to  promote  the  decomposition. 
Stiff  clay  lands,  after  draining,  should  be  well  limed ;  on  the 
contrary,  light  lands,  where  there  is  neither  much  moisture 
nor  vegetable  matter,  do  not  reqaufe  such  a  quantity.  Striking 
efff^'Cts  are  produced  by  a  due  application  of  lime  to  pasture 
and  arable  lands. 

*  Insoluble  compounds  of  silica  and  potassa  exist  in  many  of  our  rocks : 
notr,  T\hen  these  earths  are  crushed  and  mixed  with  lime  and  water,  it  has 
bec>n  fotind  that,  after  a  certain  time,  the  silica  and  potassa  are  oonTcttad 
into  a  soluble  form.    No  doubt  these  changes  take  place,  to  a  limited  extwt, 

in  the  soil. 
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The  effects  of  lime  graduiiiiy  disappear,  and  after  a  few 
years  the  land  returns  to  its  original  state,  unless  fresh  lime  be 
added. 

Lime  is  removed  from  the  soil, — first,  by  sinking  through 
the  loose  soil ;  secondly,  by  rains  which  wash  it  away ;  and 
thirdly,  by  the  orops  carrying  off  certain  portions  of  lime  in 
the  form  of  the  carbonate. 

Marl  tmd  tkeU  Mnd,  besides  other  fertilizing  matters,  con- 
tain a  large  qoantity  of  carbonate  of  lime ;  their  action  upon 
land  is  similar  to  that  of  mt'td  lime.     Sulphuret  of  iron  (iron 
pyrites)  is  found  in  some  soils.    This  insoluble  substance  has 
ne  cliemical  action  ;  but  when  it  has  been  for  a  length  of  time 
exposed  to  the  action  of  the  air,  it  absorbs  oxygen,  and  is  con- 
verted into  sulphate  of  iron,  (green  vitriol,)  which  is  higlily 
soluble,  and  injurious  to  plants.    Now,  the  addition  of  carbo- 
nate of  lime  decomposes  this  salt,  forming  sulphate  of  lime  and 
the  inert  oxide  of  iron,  with  the  escape  of  carbonic  acid  gas. 

Sulphaie  of  lime  may  be  used  with  advantage  for  all  kinds 
of  crops ;  but  it  is  especially  applicable  to  clover,  pea,  and  bean 
crops.     The  sulphates  generally  supply  sulphur  to  plants. 

Sulphate  of  magnesia^  as  a  top  dressing,  has  been  applied 
with  great  benefit  to  young  wheat. 

Sulphate  of  soda  (Glauber  salts)  has  been  beneficially  used 
^T  turnip  crops ;  and,  mixed  with  nitrate  of  soda,  it  has  given 
abundant  crops  of  potatoes. 

Chloride  of  eodium  (common  salt)  has  generally  a  fertitiz- 
iog  influence  on  high  or  sheltered  lands  situated  at  a  distance 
from  the  seiL 

Kefyf  (the  ash  of  sea  weeds)  and  Ufood  asA  are  well  known 
to  have  a  beneficial  action  on  all  kinds  of  soils. 

Chloride  of  potaesium  (the  residue  of  the  nitre  refiners)  is 
fiometUBMS  used  as  a  dressing  for  grass  land. 

Nitrates  of  potassa  ojuk  soda.  —  These  have  been  foand 
eepecially  beneficial  in  young  plants.  The  nitric  acid  which 
tbey  contain  sopplies  nitrogen  to  the  vegetable,  and  the  po- 
tifMa  and  joda  are  ecpiaUy  fertilizing ;  applied  at  the  rate  of 

44 
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about  1  cwt  per  acre,  tbejprooiote  Uie  growth  of  joang  com        l 
and  graM. 

Gat  liquor  contains  a  large  quantitj  of  ammonia ;  it  there- 
fore forms,  when  dilated  with  five  or  six  times  its  weight  of 
water,  a  superior  manure  for  grass  lands  or  crops  generallj. 
Sulphuric  acid,  or  gypsum,  is  sometimes  added,  to  fix  the  am« 
monia  in  the  gas  liquor. 

101.  Special  manures. — As  plants  differ  in  their  compoettion, 
so  different  plants  evince  a  predilection  for  diflferent  kinds  of 
food.  Ammonia,  nitrate  of  soda,  and  lime  promote  the 
growth  of  all  plants.  Lime,  especiallj  in  well-drained  schIs, 
tends  to  bring  the  fruit  or  seeds  of  plants  to  perfectimiy  and 
thus  to  bring  in  an  early  harvest.  Gypsum  promotes  the 
growth  of  red  clover,  and  phosphate  of  magnesia  has  a  similar 
effect  upon  potatoes ;  and  so  on  to  other  cases. 

The  specific  action  of  particular  manures  on  the  growth  of 
certain  plants  is  a  remai*kable  and  interesting  fact.  Even  cer- 
tain numures  promote  the  development  of  particular  parts  of 
the  plant;  thus,  for  example,  manganese  added  to  the  soil 
improves  the  flowers  of  the  rose  bush. 

102.  Mixed  saline  manures.  —  A  mixture  of  lime  and  com- 
mon  salt  is  recommended  as  an  excellent  manure.  A  mixture 
of  sulphate  and  nitrate  of  soda,  as  a  top  dressing,  has  been 
found  to  produce  remai^able  effects  on  the  growth  of  potatoes ; 
and  so  on  to  other  cases.  It  appears  that  the  application  of 
mixed  saline  substances  is  calculated  to  produce  more  benefi- 
cial results  than  when  these  substances  are  used  alone.  Hence 
it  is  that  guano  (which  contains  several  saline  substances)  is 
found  to  act  so  beneficially  on  almost  every  kind  of  crops. 

ROTATION   OF    CROPS. 

103.  The  composition  of  soils  should  have  a  relation  to  the 
kind  of  plants  which  they  are  intended  to  grow.  When  a 
particular  species  of  plant  has  been  grown  for  a  length  of 
time  on  a  soil,  that  soil  becomes  exhausted  of  the  inorganic 
matter  adapted  to  the  growth  of  that  particular  plant    Now,  . 
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differefff  plants  extract  from  soils  different  proportions  of  the 
inorganic  matter  contained  in  them.  Hence  a  succession  of 
crops  of  different  vegetables  may  be  raised  upon  the  same 
soil,  when  two  successive  crops  of  the  same  vegetable  could 
•carcely  be  reared.  Thus  barley  grows  well  after  a  crop  of 
turnips,  oats  after  a  crop  of  grass,  wheat  after  crops  of  beans 
and  potatoes.  The  following  is  a  specimen  of  a  six  years' 
rotation  of  crops :  — 

1.  Wheat;  2.  Turnips;  3.  Barley;  4.  Seeds;  5.  Oats; 
6.  Potatoes. 

The  following  general  rule  should  be  observed  in  the  choice 
of  the  rotation  of  crops,  vis.,  pkmU  which  require  chiefly  the 
same  kind  of  food  should  not  be  grown  in  succession;  thus 
plants  which  are  grown  for  their  roots  grow  best  after  those 
which  are  grown  for  their  seeds. 

Clover  adds  fertility  to  the  sofl ;  and  hence  an  abundant 
crop  of  corn  may  be  obtained  after  a  crop  of  clover.  In  this 
way  the  use  of  clover  has,  to  a  great  extent,  superseded  the 
system  of  fallowing. 

104.  Fallow.  —  When  land  has  been  exhausted  by  a  succes- 
sion of  crops,  its  exhausted  resources  are  resuscitated  by  ma- 
nuring, and  allowing  it  to  lie  dormant,  exposing  it  at  the  same 
time  (by  ploughing,  dec)  to  the  action  of  the  air  and  moisture. 

105.  Irrigation.  —  When  water  is  allowed  to  remain  on 
land,  it  is  injurious  to  vegetation ;  but  the  occasional  How  of 
water  over  the  surface  of  lands,  as  in  our  irrigated  meadows, 
carries  with  it  various  fertilizing  substances. 


» 


QUESTIONS. 


IxrmoDnerioir.'^l.  Into  what  fonr  cUwet  an  tlielAWs  of  naiore 

divided  ?  What  do  the  laws  of  physics  govern  ?  By  what  terms  are 
the  four  great  physical  truths  expresMd  ?  What  phenomena  do  gotidi 
exbiWt?     WhMdo/40«M&f     Whatcurjf    WhaX  impomUn»bUs  f 

Mbchanics. — 5.  What  is  mechanics?     Statics?     Dynamics?     Hy- 
drostatics?   Hvdrodmamics  ?    Define  matter;  ma«s;  <£MSi^y. 

7.  What  is  motion'?  When  is  motion  aniform  ?  When  acceleratod  f 
When  retarded  ?  What  is  velocity  ?  What  is  momentum  ?  Whdt  U 
force  ?  Different  kinds  of  force  ?  What  is  meant  by  ponderable  and 
imponderable  bodies  ?    How  are  foroas  known  to  ns  ? 

13.  How  an  the  properties  of  matter  divided  ?  Which  are  primaij 
properties?  Which  are  the  secondary  properties?  Define  extensioM; 
impenetnabHitif,  What  are  compressibility  aad  expansibility  1  What  is 
divisibility?    Cohesion?    Elasticity?    Mobility?    Inertia?    Gravity^ 

24.  What  is  meant  by  the  attraction  of  gravitation  ?  What  is  the 
JWa  law  of  attraction  ?  The  weoimd  law  ?  Summary  law  ?  On  what 
does  tlie  force  of  ffn.Y\iy  at  any  place  depend  ?  How  much  velocity  doos 
a  falling  iKxly  acquire  m  a  second  of  time  ?    State  the  law  of  increase. 

25.  What  is  the  centre  of  gravity  ?  What  is  meant  by  die  /me  i^ 
direction  t  Uow  docs  the  line  of  direction  govern  the  stability  of  a  body  f 
What  effect  has  the  elevation  of  the  centre  of  gravity  above  the  base  t 

26.  What  is  the  Jirst  law  of  modon  ?  What  are  the  obstacles  to  mo* 
tion  ?  Name  the  second  law  of  motion.  What  is  the  parallelogram  of 
motion  ?  What  is  the  parallelogram  of  forces  ?  Give  the  third  law  of 
motion.    By  what  is  tl^  intensity  of  the  action  of  any  force  estimated  ? 

27.  Give  the  law  of  descent  of  falling  bodies.  How  is  motion  aifected 
in  a  body  projected  vertically  upwanis?  28.  What  is  a  parabola? 
29.  Give  the  law  of  vibration  of  a  pendulum. 

30.  How  many  and  what  forces  are  necessary  to  produce  modon  round 
a  centre  ?    What  is  centrifugal  force  ?    By  what  is  it  counteracted  ? 

31.  On  what  does  the  amount  of  work  done  by  an  agent  depend? 
What  is  the  unit  of  work,  as  adopted  in  this  country  ?  What  is  the  law 
of  labor  in  raising  a  body  in  opposition  to  gravity?  What  is  the  esd* 
mate  of  a  Aorss  power  9 

32.  What  is  tne  object  of  machinery  ?  Of  what  is  work  the  product  ? 
Name  some  of  the  active  agents  of  nature.  What  is  a  fundamental 
axiom  in  mechanics?  What  law  is  founded  on  the  principle  of  die 
equality  of  work  ?  To  what  is  the  advantage  g^ned  by  a  machine  equiv- 
alent ?    How  is  the  principle  of  virtual  velocitiei  commonly  expressed  ? 

(fi20) 
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33.  Whidi  are  the  simple  mechanical  powers  ?  What  is  the  lever? 
How  many  kinds-?  Describe  each  kind.  35.  What  is  the  wheel  and 
axle  ?  36.  Describe  a  windlass.  37.  By  what  means  may  the  motion  of 
one  wheel  be  transmitted  to  others  ?  39.  What  is  a  capstan  ?  40.  De- 
scribe a  gib  crane.  - 

41 .  What  is  a  pnlley  ?    Of  what  kinds  ?    Mention  some  of  their  uses. 

44.  What  is  an  inclined  plane?    How  is  its  adrantage  estimated? 

45.  What  is  a  wedge  ?    Its  uses.    46.  Describe  a  screw.    How  is  the 
screw  regarded  ?    47.  Chief  nses  of  the  screw  ? 

48.  By  whal  means  may  motion  be  communicated  from  one  axis  to 
another  ?  What  is  a  train  of  wheels  ?  What  is  the  purpose  of  crown, 
bevelled,  and  face  wheels  ?    Describe  the  rack  and  pinion. 

Steam  Enoinb.  —  Use  of  the  crank  and  connecting  rod  ?  Of  the  fly 
wheel  ?  3.  Describe  the  son  and  planet  wheel.  4.  What  is  the  nse  of 
Watt's  parallel  motion  ?  5.  What  is  an  eccentric  wheel  ?  6.  The  gov- 
ernor ?  7.  Describe  Uie  steam  boiler.  The  safety  valve.  9.  Use  of  the 
steam  gauge  ?  10.  Use  of  the  water  |pange  ?  II.  The  water  reguUior  ? 
What  are  uie  respective  peculiarities  oi  the  high  and  low  nressnre  engine  ? 

Htdrobtatics  and  Htdrauucs. — I.  What  is  AyaroHaties  f  What 
is  hfdraulict  f  2.  How  do  fluids  difiisr  from  solids  ?  3.  Difference  be- 
tween liquids  and  gases  ?  5.  What  is  the  Jbm  law  or  property  of  fluid 
bodies  ?    Illustrate  this.    The  teanid  law?    The  third  f 

13.  Give  the  ruU  for  finding  the  amount  of  pressure  upon  the  batiom 
of  a  vessel  containing  water  ?  14.  Upon  what  does  the  pressure  on  the 
bottom  of  a  vessel  depend  ? 

15.  Show  the  upward  pressure  of  water  by  an  experiment  18.  Men- 
tion some  fact  in  nature  illustrating  this. 

1 9.  Knle  for  finding  the  pressure  on  the  side  of  a  vessel  ?    Hlostrate. 

SI.  What  is  the  centre  of  pressure  in  a  vessel  of  water? 

22.  What  is  the  specific  gravity  of  a  body  ?  What  is  used  as  the  stan- 
dard of  comparison  ? 

23.  What  determines  the  sinking  or  floating  of  a  body  ? 

24.  What  is  the  Jirst  of  the  laws  resmlating  the  pressure  of  fluids  on 
solids  immersed  in  them  ?    The  wcona  law  ? 

27.  Describe  the  hvdrostatic  balance.  Give  the  rule  for  determining 
the  specific  gravity  o^  a  solid  body. 

28.  Rule  for  finding  the  specific  gravity  of  a  liquid  f 

33.  Chief  use  of  the  hydrometer  ? 

34.  Why  does  an  iron  vessel  float  in  water  ? 

35.  What  is  requisite  in  order  that  a  body  may  float  with  staX^ty? 
Illa.strate  this. 

36.  Explain  what  is  meant  by  capillary  attraction. 

37.  What  is  the  law  of  attraction  in  capillary  tubes  ?  What  is  the 
effect  of  oiling  the  tube  ? 

39.  Explain  the  meaning  of  endotmote  and  exomnoae. 

Hydramcs.  —  41 .  State  the  law  of  the  e£9nx  of  water  through  an  aper- 
ture in  a  vessel.  42.  To  what  is  the  velocity  proportioned  ?  By  what 
is  this  rule  modified  in  practice  ?  What  difference  in  effect  is  produced 
between  the  use  of  a  short  pipe  and  a  simple  aperture  ?    Explain  this. 

Pneumatics.  —  1.  What  is  pnenmatics?  2.  Height  of  the  atmoe- 
phere  ?    Why  is  air  believed  to  be  material  ? 

3.  Its  resistance  to  motion  ? 

4.  Its  impenetrability  ? 

5.  Evidence  of  its  weight  ? 

44* 
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7.  To  whftt  is  the  atmospberie  pressore  eqniTalent  f  8.  How  madi 
pressarc  on  a  sqaara  inch  1  How  high  a  column  of  mercmy  will  tbe 
pressure  of  the  atmosphere  sustain  ?  Of  waUr  t  9.  8bow  the  utilitj  of 
the  atmospheric  pressure  on  our  bodies.  10.  Explain  the  coii8tniccio& 
and  use  of  the  barometer,  1 1 .  Why  does  water  continne  to  flow  tfaroqgit 
a  siphon  When  put  in  operation  ? 

19.  Explain  the  cause  of  inUrmitting  spriitgt, 

14.  By  what  is  the  elasticity  of  air  increased  «  State  the  law  of  eias- 
ticity  of  the  air. 

1 5.  What  relation  is  there  between  the  density  of  the  air  and  ita  lieight 
above  the  level  of  the  sea  ? 

16.  How  are  bodies  affected  by  beat  ?  What  clasi  of  bodiea  are  most 
susceptible  of  this  action  1    What  is  the  cense  of  wind  ? 

19.  What  is  the  purpose  of  an  air  pumpf  Can  a  perfect  Taonum  bo 
produced  by  an  air  pomp  1  Why  does  water  boil  at  a  lower  temperatnro 
on  u  mountain  than  at  the  sea  level  ? 

22 1 .  i>escrtbe  the  construction  of  a  cosimoa  liftinp  pmnp.  To  wliat  Hmit 
limy  a  column  of  water  be  raised  by  the  ascending  pistoa  1 

*22.  Explain  the  action  of  a  oomNMM  JinrdngmaqK 

23.  Of  what  use  is  an  atr  thamber  in  a  forcing  pump  1 

24.  Advantage  of  a  double-acting  pump  ?  S5.  How  is  the  fire  engine 
constructed  ? 

30.  What  is  meant  by  the  diffiukn  of  gote$f  31.  Its  nse  in  nature? 
32.  What  do  you  know  of  the  Iiqnefaction  of  gases  1 

Acoustics.  ~  33.  How  is  sound  conveyed  to  the  ear  %  When  is  somid 
heard  ?  Effect  of  quickly-repeated  impulses  %  What  constitntes  a  kmt  f 
What  effects  are  produced  when  a  sonorous  body  is  struck  ?  34.  What 
I)rQpcny  is  essential  to  a  sonorous  body  f  On  what  doea  the  pUeh  of  its 
tone  depend  ?     What  constitntes  a  noitef 

M,  What  is  necessary  to  the  transmission  of  sound  ?  36.  On  what 
doc's  the  j^reater  conducting  power  of  the  air  depend  ?  37.  When  a  gnn 
is  fiml,  what  difference  of  velocity  is  noticed  between  the  Jhsk  and  tha 
mnml  f  At  what  rate  does  sound  travel  1  88.  Is  there  any  beUa-  medimm 
tlmn  air  for  transmittinnr  sound  1 

39.  How  is  sound  reflected  1 

40.  What  is  the  cause  of  echoes  ? 

41.  How  may  sound  bo  magnified  ^ 

44.  How  ore  winds  produced  ?  Exptoin  the  action  of  land  and  j» 
breezes. 

4.5.  What  are  the  three  genettU  classes  of  winds  t  Explain  the  trade 
winds;  the  monsoons ,  the  voria6/es;  the  sirocco  and  simoom,  46.  What 
velocity  constitutes  a  gentle  breetef  AMskgaUf  A.  high  wittdf  A 
hurricane  f    Law  of  increase  1 

47.  Why  does  a  l)alloon  ascend  ? 

Light.  — I.  Relation  of  light  to  the  eye  I  2,  Sonrees  of  lightl 
3.  What  are  non-luminous  bodies  ?  4.  Division  of  bodies  with  relatioa 
to  light  ?    What  is  the  characteristic  of  each  ? 

5.  Velocity  of  light! 
Direction  of  light  ? 

6.  Law  of  intensity  of  light* 

7.  Two  remarkable  laws  of  light  1    Exemplify  each. 

8.  Describe  the  two  theories  of  the  natvre  of  light. 

9.  Law  of  reflection  ? 

10.  Effect  on  light  in  passins  from  one  medium  to  another  1  What 
is  meant  by  the  inter/eretice  of  Tight  ?    The  diffraction  f 


QUESTIONS. 


1 1    StAte  the  three  kintis  of  inirtw*.    By  what  law  are  mirrow  gov- 

erned  '  . 

12,  Whrtt  is  the  geneml  effect  of  concave  mirrors  ? 

13  Whereis  the/>riMciH*o«"«<>*^*^'**"^®*™*"^'^-  Why  called  the 
virtml  focus  ?     What  is  the  geoend  effect  of  convex  mirrora  i 

14  State  the  Uw  in  relation  to  the  refraction  of  hjfht.  On  wliat  docs 
the  hicher  refractive  power  of  a  medium  depend  1  What  follows  when 
a  rav  of  lijrht  passes  from  one  medium  to  anodier  of  different  density  ? 
15  'What  when  passing  through  a  plate  of  glass  ?  Iti.  \yhat  when  pass- 
ing into  and  out  oift  prism  ?     18.  Describe  the  several  forms  of  lenses ; 

the  jwrfs  of  a  lens*.  ...  .  .. 

19  What  is  the  focal  distance  of  a  double  convex  lens,  accordmg  as 
the  incident  ravs  are  jiamlM,  dtottrjent.  or  ctmveryaUf  SO.  Of  a  plano- 
convex lens  ?  '22.  Of  a  double  wucavo  len^* '«  .        r         i  •    * 

23.  What  effect  has  a  couvex  lens  uikhi  the  apparent  size  of  an  oiycct 
seen  through  it  f 

24.  What  are  dimimahinff  glasses  ? 

23.  Effects  of  spherical  aberration  1     The  remedy  ?  «r.      .     k 

27.  Remarks  on  the  eye?  Describe  its  various  parts.  What  is  the 
cause  of  short-$:'ght«lMS3  f  What  of  long-aightedne^s  f  How  do  we  judge 
of  the  artuiU  size  of  an  object  seen  at  a  di^f  itnce  i     How  of  the  diUanee  f 

What  is  meant  by  the  nustuil  or  o/rfica/  angle  f  Oa  what  does  the  sue 
of  the  image  on  the' retina  depend  ?  .     ..      ir 

28.  What  is  the  purpose  of  a  microscope  1    How  is  this  effect  pro- 

daced  1  ..«..•...  J « 

31 .  What  is  the  pnrpose  of  a  telescope  1    What  two  kinds  tre  used  ? 

40.  What  is  a  camera  obscura  ? 

41.  What  is  a  magic  lantern? 

42.  Give  a  description  of  the  stereoscope. 

Phenomena  of  Color.  —  43.  Of  what  is  a  ray  of  solar  light  composed  ? 
How  may  this  be  proved  ?  44.  By  whom  was  solar  light  first  decom- 
posed ?  45.  What  distinct  properties  exist  in  the  solar  spectrum  ? 
Where  is  the  most  luminous  portion  located  I  Where  the  most  heating 
portion  ?  Where  the  greatest  chemical  intensity  1  46.  Which  are  the 
three  fundamental  colors  ?    What  do  you  understand  by  a  oomf^feMenlary 

rayt 

47.  On  what  principle  does  the  rainbow  depend  ? 

48.  How  is  the  phenomenon  termed  the  mirage  accoanted  for  ? 

49.  What  are  Amos  f 

50.  What  is  double  refraction,  and  how  prodnced 

51.  Explain  the  polarization  of  light  by  reflection, 
53.  Explain  the  polarisation  of  light  by  refraction. 

Heat.  —  55.  Remarks  on  heat  f  Free  or  sensible  heat  ?  Tempera- 
ture ?  Latent  heat  ?  What  does  the  term  ealoric  express  ?  Heat  and 
cold  ?  To  what  laws  is  caloric  subject  ?  What  is  one  of  the  most  strik- 
ing effects  of  heat  ? 

56.  Illustrate  the  expansion  of  liquids  by  heat    Air.    Solids. 

57.  What  are  some  of  the  sources  of  beat  ?  With  what  is  i^  change 
of  volume  in  a  body  alwavs  attended  1 

58.  Give  illustrations  or  good  and  bad  condnctors  of  heat. 

59.  By  what  principle  is  the  radiating  power  of  surfaces  regnlated  ? 

60.  Effect  of  beat  on  liquids,  and  of  cold  on  vapors  ? 
What  is  evaporation  ? 

What  is  maaat  by  the  dew  point  ?    Wbea  is  the  anr  said  to  be  iata« 
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rated  with  moittnra  *    When  is  enporKkkm  ounied  od  most 

Whiit  causes  fog,  roUt,  dew,  &c.  ?     Upon  what  does  the  ahsoliite  qmcB- 

tny  of  moiHtuTf}  which  the  air  will  sustain  d^>eiid  % 

61.  Is  beat  or  cold  produced  when  eertain  sohstanoes  meltl      Givo 
examples. 

62.  What  aUowanoe  should  be  made  in  the  oonstmctioa  oC  large  m*- 
tsUic  strnctores  ? 

6t\.  Explain  the  principle  of  the  compensation  pendnlnm. 
64.  What  is  a  thennoffleter  ?    Different  kinds?    Freezing  tempenr 
tnrc  ?    Boiling  temperatnre  * 
ii5.  In  what  Tarioos  ways  is  heat  propagated  ? 

66.  In  what  manner  is  radiant  caloric  thrown  off  firom  a  snrfine  ?  Oa 
what  does  the  reflecting  power  of  substances  depend  ?  Which  are  the 
hast  reflectors  ?  State  the  general  rule  of  abaoiption.  What  is  mramt 
by  diathermanous  and  athermanous  bodies  ? 

Upon  what  does  the  power  of  a  body  to  transmit  beai  depend  ? 
What  is  I^lie's  law  of  radiant  heat  ? 

67.  According  to  what  does  the  propagation  of  heat  in  Uqnids  rmrj  ? 
What  follows  when  heat  is  applied  to  the  ntrfaee  of  a  liciiud  ? 

At  what  temperature  does  water  attain  its  greatest  density  ? 

68.  Remarit  on  the  heat  of  the  ocean  ?  Wliy  does  ioe  always  form  ml 
the  surface  of  the  water  ? 

69.  Remark  on  the  heat  of  the  atmospherei 

71.  On  what  does  the  rate  of  conduction  in  bodies  depend? 

72.  To  what  is  the  amount  of  free  caloric  in  two  di^rent  qoantities 
of  the  tame  substance  proportional  ?  What  of  equal  weights  of  diMtimi- 
lar  substances  ? 

What  is  meant  by  the  specific  heal  of  a  body  ?  What  relation  has  the 
density  of  a  body  to  iu  capacity  for  heat  ?  What  is  a  caJorimtier  f  What 
other  change  attends  a  change  of  volume  in  a  body  ? 

73.  What  is  fusion  f    Wliat  is  vapmiwatum  f    Eoaparation  f 

74.  What  number  of  degrees  represents  the  latent  neat  of  steam  ? 

76.  What  is  the  cryopharuB  t 

77.  What  is  an  h^ffrimteter  f 

78.  How  does  the  air  become  warm  ?  Which  strata  of  the  atao** 
phere  are  warmest,  and  why  ?  What  change  takes  place  after  sunset  1 
when  does  the  earth  radiate  heat  most  freely  ?  When  is  the  depositioa 
of  dew  most  copious  ?  Why  does  the  gardener  cover  tender  plants  with 
straw  at  night  1  What  are  considered  as  the  great  causes  of  rain  1  Uses 
of  evaporation  and  condensation  ?  How  may  the  sospension  of  the 
particles  of  moistnrerfn  the  clouds  be  accounted  for  1 

Electricity. —  1.  What  is  electricity?  What  are  some  of  the 
means  for  generating  it  ? 

2.  What  arc  the  fundamental  facts  of  electricity  ?  What  are  eiectricsf 
What  fact  with  regard  to  au  electrified  body  was  first  made  known  by 
Newton  ? 

3.  General  remarks  on  conductors  and  non-condnetors  ?  When  is  a 
body  said  to  be  insulated  ?  What  substances  are  most  commonly  used 
as  insulators  ?  What  effect  has  dampness  upon  insulators  ?  Which  is 
the  best  insulator,  and  why  1  Which  are  the  best  conducton  of  electri- 
city 1  Is  the  atmosphere*  a  conductor  or  a  non-conductor  ?  In  what 
condition  is  rarefied  air  ? 

4.  What  is  an  electroscope  ? 

5.  How  many  kinds  of  electricity  are  there  ?  What  is  the  law  of 
attraction  and  repulsion  < 
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6.  Does  electricity'  pus  from  one  part  of  tbesurfiueof  a  non-oondactor 
to  Another,  or  does  it  remain  stationary  ^ 

What  is  the  relative  condition  of  the  eiectridtj  of  the  robber  and  that 
of  the  body  nibbed  ? 

8.  Explain  the  nse  of  the  terms  pontive  and  ntgative. 

What  LB  the  theory  of  two  fluids  f  The  terms  used  ?  Of  what  use  is 
theory  in  this  subject  ? 

9.  "What  is  meant  b^  eonduetioM  f    By  tadifcCioR  f 

12.  Name  the  principal  parts  of  an  electricai  machine,  and  their  uses. 
15.  What  are  the  osaal  appendages  to  the  electrical  madiine  1 

18.  Name  some  (acts  rehuinf^  to  the  electric  spark. 

19.  On  what  does  the  intensity  of  the  electric  light  depend  ? 
20  Wliat  is  the  electric  recoiit 

23.  Upon  what  circumstances  does  the  intensity  of  the  electricity  trans- 
mitted b?  the  electrophoms  depend  f 

26.  What  is  diaguiued  electricity  ? 

27.  U(ie  of  the  condenser  1 

28.  Explain  the  difl'erence  between  an  electiosoc^  and  an  electrom- 
eter. 

dO.  Give  a  description  of  an  electrical  battery.   How  is  it  discharged  ? 
31.  How  is  the  intensity  of  the  electricity  determined  by  a  dischai^ging 

electrometer? 

34.  Mention  some  of  the  moat  common  physiological  effectt  of  elec- 
tricity.   What  is  meant  by  an  electrical  shade  If 

36.  Mention  some  of  the  chemical  effects  of  electricity. 

37.  How  is  the  electric  fluid  distributed  with  regard  to  conductors  1 
What  instrument  shows  this  ?  Upon  what  does  the  intensity  of  the 
electricity  depend  in  a  conductor  1  ...       ..  -« 

38.  By  whom  was  the  identity  of  electricity  and  hghtnmg  discovered? 
Mention  their  points  of  agreement    Describe  Franklin's  experiment. 

39.  When  is  atmospheric  electricity  generally  positive  ?  When  neg- 
ative?   Wheie  roost  intense?    Its  mtensity  in  winter  compared  with 

that  in  summer  ?  .,..,- 

What  is  the  chamcter  of  the  electricity  in  ram  drops  m  a  north  and  m 
a  south  wind  ?  Characterise  the  electricity  of  the  earth  and  the  higher 
legions  of  the  atmosphere.  How  often  docs  aerial  elcelriciiy  aiuui  a 
roaximnro  and  minimnm  condition  ?  Describe  its  progi-esa  from  one 
extreme  to  the  other. 

40.  Which  are  the  most  common  electrometeors  ? 

41.  Give  an  account  of  the  aurora  borealis.    42.  Of  the  waterspout. 
43.  Br  what  various  modes  is  electricity  generated  ? 
Magnetism.—  I.  What  metal  is  alone  attracted  by  magnetism? 

What  are  the  substances  possessing  tlie  magnetic  property  called  ? 

Of  what  two  kinds  are  magneto  ?  What  are  natural  magnets  ?  On- 
pin  of  the  name  ?  What  are  arUficUl  magnets  ?  Mention  the  different 
soriH.    What  constimtes  a  magnetic  battery  ?  ^         ,»  . 

Where  in  a  bar  magnet  does  the  power  chiefly  reside  ?  How  are  the 
extremities  of  a  magnet  distinguished  ?  -  .         •         - 

What  is  one  of  tlie  most  remarkable  properties  of  the  magnet  ? 

2.  Show  the  reciprocal  attraction  between  a  magnet  and  iron.  What 
eflcct  is  produced  bv  interposing  wood,  glass,  or  copper  between  the 
mairnet  and  iron  ?  llow  is  magnetism  distributed  throughout  a  mag^ 
netized  bar  ?  Where  are  the  i»olea  and  the  neutral  point  respecUvely 
situated  ? 
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3.  Wliat  is  the  dtrecHve  polarity  of  the  magnetic  needle  ? 

What  M  the  magnetic  meridian  ?  Does  it  coincide  with  the  geography 
ical  meridian  ?  What  is  the  difference  between  them  called  ?  Is  the 
declination  uniform  in  all  places  ? 

5.  State  the  law  of  magnetic  atUraction.  How  are  the  poles  distin- 
guished ? 

6.  What  is  the  effect  of  breaking  a  magnet  ? 

7.  State  the  theory  of  magnetism.  Mention  some  of  the  phenomena 
of  magnetism. 

8.  What  is  the  law  of  the  aUractivefifrce  of  the  magnet  ? 

9.  What  is  magnetic  conduction  f    What  is  magnetic  induction  f 

12.  Describe  the  property  called  the  tUp  of  the  needle.  Is  the  angle  of 
the  needle's  dip  uniform  at  all  places  on  the  earth  ? 

16.  What  are  the  requisites  in  the  qoality  of  steel  for  making  ma^ 
nets !  Whak  is  necessary  in  the  form  and  dimensions  of  artifidal 
niajjpicts  ? 

1 7.  How  may  a  soft  iron  bar  be  rendered  magnetic  ? 

Which  is  the  most  powert'ul  means  of  rendering  bodies  magnetic  1 

18.  Uow  is  the  earth  to  be  regarded  in  order  to  account  for  the  direc- 
tive and  dipping  properties  of  the  needle  ?  Which  of  the  magnetic  poles 
of  the  earth  is  the  positive  pole  ?  What  is  the  situation  of  the  terrestrial 
magnetic  poles  1 

What  are  isoclinic  lines  ?    With  what  do  they  coincide  ?  , 

19.  To  what  variations  are  the  earth's  magnetic  powers  subject  f 
How  indicated  ?  Characterize  the  regular  variations.  Which  of  the  sec- 
ular variations  has  been  most  observed  ?  With  what  are  the  imgular 
magnetic  variations  connected  ? 

22.  What  is  Ampere's  theory  of  magne£ism  ? 

Voltaic  Elkctbicity. —  I.  How  is  voltaic  electricity  prodnced? 
By  whom  was  it  first  observed,  and  under  what  circumstances  ?  How 
did  Galvaui  account  for  it  ?    How  did  Volta  account  for  it  ? 

2.  Describe  the  voltaic  pile.  Describe  the  Oouronne  de  Tbssef,  or  Vol- 
ta's  battery. 

8.  What  is  a  voltameter  ?    What  three  kinds  are  in  use? 

9.  What  is  considered  as  one  of  the  most  important  features  of  voltaic 
electricity  1  What  remarkable  fact  is  connected  with  voltaic  decomposi- 
tion ?  Uow  are  the  constituefits  of  water  disposed  after  decomposition  ? 
What  system  is  based  upon  this  fact  ?  What  is  the  electrical  state  cf 
the  elements  which  foe  attracted  by  the  positive  pole  ? 

10.  Upon  what  do  the  arts  of  electrotyping  and  electioplating  depend  ? 

12.  How  may  decomposition  be  impeded  or  arrested  by  voltaic  elec- 
tricity 1 

13.  Give  instances  of  the  luminous  and  heating  effects  of  voltaic  elec- 
tricitv.  Upon  what  does  the  temperature  to  which  a  conducting  wire 
will  be  raised  by  a  battery  depend  ? 

Upon  what  does  the  calorific  effect  depend  ? 

14. 'State  some  facts  in  relation  to  the  physiological  effects  of  voltaic 
electricity.     Upon  what  do  these  effects  seem  to  depend  ? 

Klectro-Dynamics.  —  1.  Explain  the  construction  of  the  right  and 
Ibft-hauded  helices.  How  should  helix  wires  be  prepared  ?  State  the 
facts  in  connection  with  a  needle  magnetized  by  a  right-handed'  and  a 
left-handed  helix. 

2.  What  is  an  dectro-matfnet  f  How  long  will  an  electro-magnet  retain 
the  magnetic  property  ? 
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7.  State  the  five  general  laws  of  electm-dynamie  actkni.  , 

10.  State  the  two  laws  according  to  whicn  electric  corrents  act  upon 
each  other.' 

.What  are  the  laws  respecting  angnlar  cnrrents  ? 

Etectro-Djfnamie  Induction,  ^^  \^.  Who  first  discovered  the  laws  of 
electro-dynamic  induction  ?  What  did  he  demonstrate  ?  When  does 
the  induction  of  the  current  act  ? 

16.  What  is  thermo-electricity  ?    Give  examples. 

18.  What  are  dia-magndic  bodies  ? 

19.  Describe  the  electro-magnetic  telegraph. 

2D.  What  are  the  pecnliariues  of  Morse's  telegraph  ?  21.  Of  Bain's  1 
S2.  Of  House's? 

Chemistby.  —  1.  Of  what  does  the  science  of  chemistry  treat  1  How 
many  elementary  substances  are  there  ?  Difierence  between  a  simple 
and  a  compound  subetance  ?  2.  Uow  are  the  elementary  substances 
divided?    Name  those  of  each  class. 

4.  Mention  the  rarious  kin^s  of  attmction. 

9.  How  does  chemical  affinity  differ  from  all  other  kinds  of  attraction  1 
By  what  are  all  chemical  changes  produced  ?  When  does  combination 
take  place  ?    When  decomposition  1 

10.  Is  any  thing  in  nature  ever  destroyed  or  annihilated  ? 

11.  Characteriae  octcit.    AUoaliea, 

«    12.  What  is  a  solution  ?    How  is  the  process  of  solution  accelerated  ? 

13.  How  is  carbon  obtained  ?  What  is  the  product  of  the  combustion 
of  charcoal  ?     Characterize  carhmtic  acid  gas. 

14.  Describe  hydrogen.    Where  found  ?    Characterize  hfdrogen, 

15.  Composition  of  the  atmosphere  ?  What  takes  place  in  the  process 
of  breathing?  Characterize  oxygen.  Characterize  nitrogen.  Relation 
of  oxygen  to  plants  and  animals  ? 

16.  What  is  ammonia  ?    Where  found  ? 

17.  What  is  nitric  add  ? 

18.  Give  a  description  of  the  atmosphere.    What  are  its  constituents  ? 

19.  Where  is  native  Kulphur  obtained  ?  With  whHt  metnls  is  it  found 
in  combination  ?    Which  is  the  most  important  compound  of  sulphur  t 

20.  Characterize  phosphorus. 

21.  Characterize  iodine.    From  what  is  it  obtained  ?    Chief  use  ? 

22.  Characterize  chlorine.    Use  of  ehlora'te  of  potassa? 

23.  Characterize  hydrochloric  acid. 

24.  From  what  are  potassa  and  soda  formed?  Why  csMtA  fixed  alka- 
lies ?    In  what  does  potassa  largely  exist  ? 

25.  In  what  rarions  forms  does  lime  exist  ?  Its  relation  to  soils  ?  Its 
uses  in  agriculture  ?    What  is  the  metallic  base  of  lime  ? 

26.  Characterize  magnesia. 

27.  Characterize  alumina. 

Of  what  is  pure  clay  coihposed  ? 

28.  Characterize  silica.    What  is  its  hase  ? 

29.  In  what  forms  does  iron  exist  in  namre  ? 
SO.  In  what  states  does  copper  exist  in  nature  ? 

31.  Common  native  form  of  lead? 

32.  Most  comH^  salt  of  chrome  f 

33.  In  what  snivis  mercurg  found  f 

34.  Remark  on  titK. 

35.  Characterize  si/cer.    36.  Gold,    37.  Platinum.  * 
'  38.  -What  is  the  doctrine  of  chemical  equivalents  ?    Give  examples. 
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40.  What  it  tdMn  »  Ac  sjinbol  of  a  simple  aabaUnoe  ?  What  does 
the  Noaie  of  a  coBpcmiid  indicate  ?    Examples  ? 

65.  Of  what  does  the  organie  part  of  plants  consist  ?  Of  what  the 
inorganic  f    Is  their  proportion  uniform  ? 

6is.  £flects  of  different  kinds  of  plants  upon  the  inoi^uuc  matter  of 
toils  ?    State  facts  in  illnstration  of  this. 

67.  What  shows  the  necessity  for  manoiing  sotU  * 

68.  Which  are  the  aost  arandant  compound  ocganic  substances  in 
plants  ?  Their  constituents  ?  By  what  circumsunoes  are  most  vege^ 
table  compounds  characterised  f  What  are  these  distinct  compounds 
called? 

69.  What  is  a  singular  fact  with  regard  to  lignine,  starch,  gam,  aad 
sagar? 

What  is  eatai^M  f 

7a  What  does  fermentaiWH  signify  ?  What  is  the  resnlt  of  the  fer- 
mentation of  mcduirine  matter  ? 

71.  What  is  acetous  fermeatatioa  %  What  purpose  does  yeast  serve  in 
fermentation  ? 

72.  Which  are  the  most  common  Tegetable  acids  ? 

73.  Give  an  account  of  the  process  of  germination. 

74.  Which  parts  of  a  plant  are  essential  to  its  growth  ?  Describe  the 
trvnJb,  or  stem.  The  root.  The  leaf.  In  what  other  way  does  a  plant 
receive  carbonic  acid  ? 

75.  What  must  the  food  of  plants  contain  ?  What  substances  afford 
tliis  food  ?    Effects  of  light  and  heat  upon  plants  ? 

76.  Composition  of  sous  ?  Whence  is  the  organic  part  derived  ?  What 
isAumiaf 

77.  Of  what  does  the  inorganic  part  of  soils  consist  ?  Charactcriae 
the  ttaiine  tolubU  8ub$tamx$  ;  also,  the  earthy  intoUtUe  gubttanca. 

78.  What  constitutes  a  acmdy  soill  A  loamy  soil  ?  80.  What  moH  f 
Cafcareoui  soil  ? 

83.  Origin  of  soils  t 

84.  State  some  of  the  meekanicai  properties  of  soils.  85.  Effects  of 
heat  on  clay  and  peat  1  86.  Of  what  advantage  is  the  absorbent  power 
of  clay  ?    87.  Necessity  for  warmth. 

89.  State  facts  with  reference  to  the  chemical  properties  of  soils. 

90.  Importance  of  a  due  propoftUm  of  the  essential  elemenu  of  a  fer- 
tile soil  ? 

9i .  How  may  land  be  improved  ? 

92.  Remaric  on  draining  f  93.  On  phugking  f  94.  On  mdmoil  and 
deep  ploughing  f 

95.  Name  the  three  classes  of  manures.  96.  What  are  the  purposes 
of  vegdable  manures  ?    Remarks  on  grant  manures  ?    On  drg  manures  ? 

98.  Characterize  animal  manures.  What  is  Uie  imporunt  constituent 
of  gttano  f    Which  portion  of  manures  is  most  valuable  ?    Why  ? 

100.  Most  important  of  mineral  manures  ?  Mention  some  of  its  uses. 
What  other  minerals  are  used  as  manures  ? 

101.  Give  instances  of  the  use  of  special  manures.  102.  Advantages 
of  mixed  saline  manures  ? 

103.  Relation  between  the  soil  and  the  plant  to  gimr  from  it?    Effect 
of  growing  a  particular  species  of  plant  on  a  soil  1    jSffect  of  a  succes- 
sion of  crops  ?    Example  ?    Rule  < 
*  104.  What  is  meant  by  fallowing  f  *" 

105.  Remaric  on  irrigation  ? 
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